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TESTS OP SPIRAL-KOOPED GOLmnNTS.
I. INTRODUCTION.
The value of cement concrete as a "building material,
iDOth. with, and without steel reinforcement has been known and
made use of for a number of years, but the rapid development of
the oeraent industry, and the decrease in the cost of cement, to-
gether with the scarcity of good lumber and its corresponding
increase in valine, have led to a remarkable increase in the use
of cement concrete for all kinfls of building construction. Tiie
ease with which parts of structures may be fabricated in place,
the rust-proof and fire-proof qualities of the materials, and
the comparatively low cost, are among the many advantages of
cement concrete as a building material.
V/'ithin the past few years reinforced concrete columns
have come into quite extensive use and although the theory of
reinforced concrete is not. full3/ established, its use in coluums
has proven a success.
Many tests ?iave been made on small specimens, such as
cubes, cylinders, and small columns, while comparatively few .
have been made on columns such as are used in building construc-
tion. Those known to the writers made previous to the series,
a part of which is described in this thesis, are; a series made
by the Massachuset Institute of Technology/ on square columns
reinforced longitudinally; a series made at tiie Watertowi Arsenal
and two series made b.y the University of Illinois Engineering
Experiment Station under the direction of Professor A. N. Talbot.

Of the latter one series was made in 1906 and reported in Bulle-
tin No. 10, of the University of Illinois Engineering Experiment
Station and in tiie thesis of Mr. R. C. Llewelljm, class of '06.
It consisted of tests of square columns, l:)0th plain, and rein-
forced by longitudinal rods. The other series was iriade in 1907,
and v/as reported in the thesis of Messrs. Grear, Hoff, and Mow-
der, class of '07, and in Builetin ]To. 20, of the Engineering
Experiment Station. Tiiis series consisted of tests of plain
columns, band-hooped columns, and spiral -hooped colurtms ten feet
in length and of circular cross-section. The columns were gen-
erally 12 inches in diameter, a few being 9 inches in diameter.
During the past year of 1907- '08, the most extensive
series of tests of coliuTins ^^et undertaken by the University of
Illinois Ei'igineering Experiment Station has been carried on; al-
together 137 columns were made, of v/hlch about 90 have been test
ed, the remainder being held for future tests.
The columns tested have been of three general classes,
(1) plain . columns, (2) band-hooped columns, and (3) spiral-hoop-
ed columns. This thesis will discuss only the spiral-hooped
columns.
DIVISION OP WORK.
The introduction and the description of materials were
written by Mr. Sla.i,n:naker , the description of the test specimens
v/as written by Mr. l/Veber and the methods of testing were describ
ed iDy Mr. Gonnerman. The remainder of the v/ork was done by the
three men working in conjunction.

II. MATERIALS.
The materials used in raaking the concrete for t/ie col-
umns were, sand, crushed liraestone, and portland cement. The
sand and limestone were purchased in the open narket. The Chica-
go AA cement used was purchased in tlie local market and the Uni-
versal cem.ent used was donated by the manufacturers. All of the
materials were of such a character as ¥/ould he used in the best
concrete construction.
STONE.
The stone was a crushed limestone from Kankakee, Illi-
nois. It was ordered to pass through a 1-inch screen and over
a 1/4-inch screen. A mechanical analysis is given below in Table
1; each value being the average of eight tests. An average of
three tests made by pouring the stone slowly into a vessel con-
taining water, showed it to contain 49,l^t voids. An average of
three determinations of v/eight gave 81.8 lbs. per cu, ft.
TABLE 1.
Mechanical Analysis of Stone.
Sieve. Per cent Passing.
1 in. 100.0
3/4 in. 89.2
1/2 in. 54.7
3/8 in. 32.8
No. 3. 1G.9
No. 5. 4.1
No. 10. 2.5

SAICD.
The sand was obtained from deposits near tlie Vt^abash
River in Indiana. It was clean, sharp and well graded. The
results of several tests made pouring it slowly into a vesr:
containing water showed it to contain about 2o,< voids. The fr-
erage of three determinations gave the weight for dr^^ sand ar>
102 lb. per cu. ft. The results of a mechanical analj^-sis arc
given in Table II below; each value given is the average of
thirteen tests.
TABLE II.
Mechanical Analysis of Sand.
eve Number. Per cent Passing.
3 98.7
5 87.9
10 62.8
12 55.8
16 48.8
IS 37.6
20 20.0
40 11.0
50 4.3
74 2.3
150 0.75
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Two kinds of portland cement were used, Chicago AA and
Universal. Results of fineness tests are given in Table III.
Table IV gives the strength of standard "briquettes of neat ce-
ment and of 1-3 mortar for ages of 7 da2^s and 28 da^^-s. Each
value given is the average of five briquettes.
TABLE III.
Fineness tests of Cement.
Sieve Number. Universal. Chicago AA.
Per cent Passing. Per cent Passing.
Test No. 1. Test No. 2.
75 99.3 98.5 98.0
100 98.5 95.6 94.5
200 90.1 81.5 79.7
TABLE IV.
Tensile Strength of Cement.
Ref. No, Ultimate Strength, lbs. per sq. in.
Universal Cement. Portland Cement.
1
Age
Heat
699
7 days.
1-3
242
Age 28
TTeat
754
davs.
1-3
292
Age 7
TTeat
666
dajrs
.
1-3
182
Age
TTeat
792
28 days.
1-3
284
2 728 232 776 285 811 227 833 307
3 809 248 885 336 665 175 779 266
4 563 244 764 319 732 192 857 318
5 559 145 707 247
Average. 700 241 795 308 687 184 794 284

C0TTCR3irr?l.
T}ie concrete was made bjr men who were experienced in
concrete coriStruction, and an effort v;as made to have the con-
crete rjiaced in the colwnns representative of v/hat migjrit be se-
cured wnder favorable conditions of building construction.
All proportions were made by loose voli^ime, although
wei£;htG were also taken of the materials as a check upon t}ie
measurements. Three m.ixtures were used, a 1-1-2 mixture, (con-
taining 1 part cement, 1 part sand and 2 parts broken stone),
a 1-2-4 mixture and a 1-3-6 miixture.
The method of mixing the materials was to place the
sand and the cement, on the mixing board eaid thoroughly mix them
without the addition of water, by turning with shovels. The
broken stone, which had been thoroug}il;r dampened, was then added
and the whole mass turned several times. When well mixed, water
was added, sufficient to produce a rather wet mixture and the
entire mass turned until of uniform appearance.
STEEL.
The steel used for the spiral relnforcem.ent was all
donated by the American System of Reinforcing for Concrete Con-
struction, of Chicago. "It was of two kinds, high-carbon stool
and low-carbon or mild steel. The higii-carbon steel was of three
sizes, No. 7, l/4 in. and 3/8 in. The mild steel was all of
1/4-in. and was used in three columns only. Tests showed the
yield point and ultimate strength of the different kinds of steel
to be as shown in Table V.
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TABLE V.
Teiisioii Tests of Wire from Spiral Reinforcement.
Kind of Steel. Diam. Per cent Applied Loads. Unit Loads.
in
ihches.
elongation
in 8 in.
I pounds.
Yield Ulti-
point. mate.
lb. per
Yield
point
.
SQ . in
Ulti-
mate.
1/4 in. Low Car"bon .270 18 3000 3600 52500 66500
do .274 23 2900 3800 49200 64500
do .273 19 2800
Average
3800 47900
47870
65000
65330
1/4 in. High Carbon .255 3 7200 7300 ..141000 173000
do .250 6 4400 4500 89600 91600
do .250 5 4400
Average
4500 89600
106700
91600
108730
No. 7 High Carbon .180 13 2400 2500 94500 98100
do .180 13 2200 2600 86400 102000
do .180 13 2100
Average
2600
>
82500
87840
102000
100700
3/8 in. High Carbon .374 5 10700 10700 97500 97500
do .374 6 9800 10000 C9Q500 91100
do .375 5 10400
Average
10500
>
94500
93830
95500
94700
In addition to the spiral reinforcements five columns
had six 3/4 in. plain mild-steel rods imbedded longitudinally.
Table VI gives the results of tension tests of such bars.
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TABLE VI.
Tension Tests of Longitudinal Reinforcement.
Test Piece
cut from bar
used in Col—
umn No.
Size
in
Tncbes
.
Per cent
elongation
in 8 in.
Applied Loads
Pounds
.
Yield Ulti-
Point. mate.
Unit Loads,
lb. per sq.in.
Yield Ulti-
Point . mate.
8481 .745 33 15600 24900 3 5800 57200
8481 .752 31 17200 2 6700 38800 60200
8482 .746 28 17900 27800 41000 63750
8482 .752 31 17500 26900 39500 58400
8483 .750 29 17700 27100 40200 61400
8463 .745 31 17400 27500 40000 63200
8485 .750 32 17700 27100 40200 61400
8485 .746 30 16600 26900 39000 61600
8486 .750 32 17800 27100 40300 61400
8486 .748 34 17500 2 5700 40000 58500
8487 .750 29 17400 27500 39400 62300
8487 .742 25 17500 26600
Average,
40600
39560
61600
60900

9.
lit. TEST SPEGIICJilNS.
In making the test specimens the effort v/as made to
have the conditions of fahrication as nearly uniform as possible.
Enough concrete was mixed in one batch to make one column, two
12-inch cubes, three 6-inch cubes and for some of the columns
one 8 X 16- inch c3/'linder.
Ti-ie two 12-inch cubes were the first specimens fabri-
cated, after v/hich the column was made, the 6- inch cubes and
cylinder being made last; the number made sometim.es depended upon
the amount of concrete remaining. The purpose of the minor
specimens was to make check tests on the quality of the concrete,
as shown by the results of the column tests. •
Three mixtures were used, viz., 1-1-2, 1-2-4 and 1-3-6,
the 1-2-4 mixture being most commonly used.
COLIBQIS: A total of thirty-six spiral reinforced
columns were tested, the nominal size being 12 in. in diameter
and 10 ft. long. Three columns were about 20 ft. in length.
The reinforcement in thirty-three columns consisted
of a single wire coiled in the form of a helix and spaced at a
uniform pitch of 1 inch, be means of light band iron, suitably
crimped. Mild steel wire l/4 in. in diameter and high-carbon
steel wire varying from No. 7 to s/b in. in diameter was used
for reinforcement, the mild steel being used in only tlxree col-
umns. A series of gaugings was taken for each reinforcing mem-
ber, and then the mean taken as the actual size. The remaining
coli^mns, three in number, had an additional reinforcement of 6
5/4-in. round rods, spaced equidistant around the inside of the

spiral reinforcement, the rods extending thruout the- length of
the column.
CUBES: The cubes, as mentioned ahove, were made in
two sizes, the 12-in. and the 6-in. The 12-in. cuhes are t}ie
first specimens made from the "batch, the 6-in. cubes and cylin-
ders beine made last. Being made from the same batch, the minor
specimens should be representative of the concrete.
CYI.INDERS: The cylinders are S x 16 in. and their .
fabrication was abandoned later in the season, onl3/ cubes being
made for corresponding columns.
PORIIS: The column form consisted of sections of gal-
vanized sheet steel, bent into cylindrical forms, each section,
being 2 1/2 ft. in length. They were held in position by bands
1 in. wide and 3/16 in. thick, which could be ac\} usted to the
proper diameter by means of bolts. The sections fitted together
in stove-pipe fashion, being readily adjusted, also easily re-
moved when the colwin had set. The forms are shown with dimen-
sions in Pig. 1.
The forms of the 12-in. cubes consisted of the ordi-
nary wooden t^rpe, two in a set; those for the 6-in. cubes were
of steel, three in a set. The cylinder forms were of wrought
iron with a cast-iron base, which are shown with dimensions in
Fig. 2, All forms remained in place seven days after making of
the specimens.
MAKING. OP coLmms.
The concrete for each column and its corresponding
minor specimens was mixed in one batch thus assuring uniformity.
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ro/^M ro/^ COLUMNS
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form /o^ (Jy/inc/&
^ >J
3 a^se. f^/cc

Mixing was done in the ordinary manner, and was under the super-
vision of a nan experienced in mixing concrete. The constit-
uents were proportioned hir, volume, hut, as a check, the weight
of each was taken and recorded for future reference. In this
manner a,ny discrepancy in proportioning could easilj;^ he found.
use. The galvanized steel forms were placed around the rein-
forcement, and secured to the proper diaiaeter by m.eajis of the
hands, after which the form was placed in an upright position on
and carefully plunhed with reference to the hase plate. The
"base plate with dim.ensions is shown in !Pig. 3.
The concrete was put in the form from the top, heing
deposited and thoroughly-' rammed in layers ahout 3 inches thick.
The top of the column was finislied off with a thin layer of ce-
ment rcorta.r of the same proportion as used in the concrete of
the coliunn. The column remained in place until ready to he test-
ed, the forms heing removed after seven days. A short time be-
fore the testing of the column a top plate, similar to the hase
plate, was set in plaster of paris, thus forming an even surface
between the column and plate.
Cubes and cylinders v;ere made in forms as described
above. The manner of making, tamping and treating before test-
ing is the Gtime as described for the columns.
The reinforcement was sent from the shop ready for
a base-plate 14 x 14 x 1 l/4 i ns • The form was made vortical
Where longitudinal reinforcement v/as used the rods
were spaced as described.
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The method of ineLking was the same as for other columns.
The sand, stone sind pitch of reinforcement was the
same for all colmnns, the cement used being either Universal
Portland cement, or Chicago AA port land cement.
The diameter of the columns inside of the reinforce-
ment was taken as constant and equal to 12 inches. The diameter
used in computations was taken from center to center of rein-
forcement, heing equal to 12-in. plus the diameter of the rein-
forcement. The concrete around the reinf orcem_ent readily scaled
off and was not assumed to take any stress. Thirty-three col-
^;jmn's were approximately 10 feet long, while three columns were
ahout twenty feet in length.
STORAGE OP TEST SPECIMENS:
The columns were stored in the Lahoratory of Applied
Mechanics where they were made, and remained undisturbed until
the time of the test. After the removal of the forms they were
sprinkled with water twice, daily. The temperature of the room
varied from 55° to 65° F. The 12-in. cubes were stored in the
open air in the same room; the 6-in. cubes and 8 x 16-in. cj'-lin-
ders were stored in damp sand.
IV. METHOD OE TESTIIIG.
TESTINO MACHINES: The testing of the colimns and 12-in
cubes, was done with a Riehle vertical screw machine of 600,000
pounds capacity. A speed of 0.05 in. per minute v;as used on
all columns except the three long ones. No. 8471, 8472, and 8473.
With t?iese columns, a speed of 0.1 in. per minute was used.
Photograph No. i shows one of the 20 foot columns in

Photograph No. 1.
View showing a 20-ft. Column in Testing Machine
before Instruunents were put on.

the testing machine "before the instruments were put on. The 6-in
cubes and cylinders were tested in Olsen and Riehle testing
machines of 100,000 or 200,000 poijtnds capacity.
The columns vi^hen due to he tested, were moved to the
testing machine in a vertical position "by means of an over-head
traveller. The head of the testing machine was then run down,
and the hearing block accurately centered. Care was taken to
have the bottom of the base lilate free from sand and cement,
and if the plate was uneven, a piece of rubber belting was placed
between it and the bed of the machine, so as to obtain as even
a bearing as possible.
INSTRU]i£®JTS: Extensometers were employed to measure
.
the longitudinal deformations, they being so arranged that two
independent sets of readings were obtained.
In Pig, 4. is shoivn a drawing of the extensometers
and the yokes for fastening them^ to the columns. The ^'-okes were
placed so as to give a gauge length of 100 in., and were s^mimet-
rical about the middle of the length of the column. The working
of tj-ie extensometers was as follows. A steel contact rod moved
on a steel drum, on the axis of which a pointer was fastened.
The pointer passed over a graduated dial and readings could be
taken directly to thousajids of an inch. By means of a vernier
on the pointer, the deformations could be obtained to ten thou-
sands of an inch. The yokes carrying the dials were placed near
the bottom of the column where they could be easil^-^ read, and
were spaced 4 in. apart. The yokes supporting the rods were
placed, near- the top of the column directly over their correspond-
ing dial yokes.
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Long/tud/no/ Exten^ometer
U^ed On Co/cymn3.

The contact rods consisted of maple strips s/b x 3/4-
in. at the lower ends of which steel blades were fastened. The
steel hlades were made with one face cylindrical so as to give
a good contact with the drim of the instruments.
The instruraent used for measuring the lateral expan-
sion of the columns was designed especially for these tests by
Assistant Professor H. P. Moore of the Applied Mechanics Depart-
ment. It consisted of a rigid frame-work of small channels, on
two sides of which were balanced, hinged levers. At the ends
of the lever arms were brass contact plugs against which the
points of micrometer screws rested when the readings were being
taken.
An electric current was utilized to obtain the exa,ct
position of contact. The micrometer screws were held in place
by rigid arms attached to the frame-work of the instrument. In
Fig. 5 is shown a sketch of trie instrument in place on a column.
By means of this "expansometer " , readings of the lateral deforraa
tion could be obtained to ten thousands .of an inch, the observed
deformation being 10 times the actual as the ratio of the lever
arms was 10 to 1.
To obtain the amount of lateral bending, or buckling,
of the columns, a silk thread was stretched from the head block
of the machine to the bed, about 2 or 3 in. from the column. At
the center of the column two mirrors at right angles to each
other and fastened rigidly together, vjere placed. The amount
of deflection v/as read directly to hundreds of an inch 'by means
of a small scale attached to the mirrors.

P/an

LOADS. The load was applied through a spherical bear-
ing block on all colmms except No, 8473 which was loaded with
fixed ends, there being no spherical bearing block at the top.
The load was in most cases applied in increments of 20,000 to
25,000 pounds at the beginning of the test, and as the maximum
load was approached the load was sometimes applied in increments
of 10,000 pounds. The machine was stopped at each load while
the instruments were being read.
In making the tests there was usually a party of five
employed. One man ran the machine, one read the "expansoraeter
"
two men read the longitudinal extensoraeters and mirror scales,
while the fifth recorded the data in a field book. The time of
tests varied from 25 to 45 minutes for the leaner mixtures, 40
minuted to 1 1/2 hours for the richer mixtures and for the re-
peated load tests from 2 1/2 to 5 hours time v/as required.
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VI EXPERDOUJTAL DATA. AKD DISCUSSION.
PAILURl OP OOLWO^TS.
In most of the columns the failure was not "by direct
crushing, as usually the lateral deflection was large. At the
beginning of the test, the action of the column was much as that
for plain concrete. At about the load that would cause failure
if the column were of plain concrete, the spacing bars began to
buckle and the shell of mortar outside of the reinforcement be-
gan to scale off. Prom this time till the maximum load was
reached the lateral and longitudinal deformations increased very
rapidly. The deformations were usually very large as compared
with those for plain concrete, the shortening ranging from 1/2
in. to 1 1/2 in. for the 10 ft. columns.
The lateral deflection of the column from a straight
line was usually apparent to the e^^e considerably before the
maximum load was reached, and could in many cases be detected
by the measuring device after the first few increments of load
were applied. After the maximum load was reached the deflec-
tion increased very rapidly/ and in some column's reached as much
as 2 in. or 3 in. In no case was failure sudden but the highly
stressed condition of the column was apparent by the scaling of
the surface and the buckling of the spacing bars before the max-
imum load was reached.
Photograph Ho. 2 shows a typical failure of a 10 ft.
column, and photograph No. 3 shows a tjrpical failure of a 20 ft.
column. In both cases the scaling of the surface and deflection
of the column are very apparent.
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Photograph llo. 3.
ew showing t^.rpical failure
of 20-ft. Column.
2^
Photograph Ko. 4.
View showing the Scaling
the Coliimns.
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TABLE VII.
SmO/ARY OP TESTS OF COLTOQJS.
Pitch of Spiral i in. in all cases.
Colwin Kind of Mixture
.
Reinforcement. Max. Load. Age
No. Cement. Size Secti on Per Total Ih. per at
of of cent
.
lb. sq. in. Test,
Wire. Wire. days
.
8311 Universal 1-1-2 NO. 7 .0267 .87 600000 5320 65
8312 Chicago 1-1-2 NO. 7 .0252 .85 366000 3240 6 5
8315 n 1-1-2 NO. 7 .0269 .91 410000 3620 70
">$321 n 1-1-2 l/4" .0495 1 .68 600000 5320 60
' 8322 1-1-2 1 /4 " .0499 1 . 69 583000 5100 62
8323 « 1-1-2 1/4 " .0507 .172 598000 5300 65
8331 Universal 1-1-2 /38" .1093 3. 74 601000 5330 60
8332 Chicago AA 1-1-2 3/8" .1104 3 . 80 625000 5530 66
8361 Universal 1-2-4 No. 7 .0252 .85 377000 3340 65
8362 1-2-4 Ne. 7 .0266 .90 415000 3670 67
8363 Chicago AA 1-2-4 No. 7 .0252 . 85 317000 2800 59
^8371 Universal 1-2-4 1/4" .0488 1 .66 603000 5330 62
8372 f) 1-2-4 1/4" .0491 1 . 67 DlUlJUU 63
8373 ft 1-2-4 1/ 4 " . 0491 1.6/ 474000 4190 14
8374 Chicago AA 1-2-4 1/4" .0487 1 .65 208000 1840 T A14
> 8375 Universal 1-2-4 1/4" .0487 1.65 509000 4500 60
8471 1-2-4 1/4" .0487 1 .65 300000 2650 /• A64
8472 » 1-2-4 1/4" .0491 1.67 291000 2 560 AO
8473 n 1-2-4 1/4.1 .0491 1.67 310000 2740 60
8411 II 1-3-6 No. 7 .0249 .84 302000 2670 67
8412 If 1-3-6 No. 7 .0252 .85 220000 1940 66
8413 Chicago AA 1-3-6 No. 7 .0252 .85 206000 1820 67
8421 Universal 1-3-6 1/4" .0487 1.65 383000 3390 60
8422 Chicago 1-3-6 1 A " .0491 1.67 363000 3210 62
8423 n 1-3-6 1/4" .0479 1.63 193000 1710 65
8431 Universal 1-3-6 3/8" .1098 3.77 420000 3710 61
8432 Chicago A
A
1-3-6 3/s" .1093 3.75 417000 3700 63
8433 n 1-3-6 3/8" .1087 3.73 475000 4200 66
Mild Steel Spiral.
8461 Universal 1-2- 4 1/4" .0585 1.99 388000 3430 60
8462 Chicago AA 1-2- 4 1/4" .0547 1.86 345000 3050 70
8463 II 1-2- 4 1/4" .0507 1.73 393000 3470 66
high carbon stecl G piral aiid 6-3/4 " pla in round rods
.
8481 Chicago AA 1-2- 4 1/4" .0491 4.00 529000 4700 60
8482 ri 1-2- 4 1/4" .0487 3.98 475000 4200 65
8483 II 1-2- 4 1/4" .0487 3.98 550000 4870 62
8485 Universal 1-2- 4 1/4" .0483 3.97 500000 4420 60
8486 n 1-2- 4 1/4" .0487 3.98 449000 3970 70

In the 20-ft. cola"'!ns the ariount of deflection due to
bending was o'bserved,,.^ scales being arranged from which the de-
flections could be read directly. Great uniformity of strength
was shown by the results of the tests.
CLASSIFICATION OF GOLIBQIS.
There are thirt^-'-six columns described in this thesis.
All of them were 12 in. in diameter inside of the spiral, and
with the exception of columns 8471, 8472, and 8473 were about
10 ft. long. The three exceptions noted were approximately
20 ft. long. A summary of the columns is given in Table TIo.YII.
The quality of the sand and stone was uniform. The
cement was of two kinds as before stated, about half of the col-
umns being made of each. In order to make comparisons of the
columns the follov/ing classification will be made: All columns
having high-carbon steel spiral reinforcement alone will be
called Class A; the t^iree columns 8461, 8462, and 8463 having
mild steel spiral reinforcement will be called Glass B; and col-
ijmns 8481, 8482, 8483, 8475 and 8486, which have high-carbon
spiral reinforcement and also longitudinal reinforcement, will
be called Class (d). Because of the different proportions used
in the mixture of the concrete Class A will be subdivided into
tl-iree groups as follows:
Group Ai , col^imns of a 1-1-2 mixture,
Group A2,colLunns of a 1-2-4 mixture, and
Group A3, columns of a 1-3-6 mixture.
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TABLE VIII.
Unit Lateral Deforraation
at Different Loads.
oiumn Class Unit Lateral Deforination
d. Li X U clU. ux
NO • Group
•
X DyJyJ X U . <cu UU X u , 9^00 Th
Tl AT* per P w i 1 ^ \y 1
s<.} . in • sq. in. sq. in. . D • L 11 •
OiJ± J. • u uuux .00002 ,00007 .00006
oo L ^ If Ariri7 .00009 .00017 00038
ool o 11 .00004 .00009 00019
00<v J. It • uuuuo .00006 .00010 . 00015
11 n nrin A
• UUU'JO .00012 .00020 00030
II
.00004 .00007 00015
)|
.00004 .00005 .00007
'1 nnnm .00002 .00005 .00008
AVerage
•
• UWUUO .00005 .00010 .00034
CJO O i ^2 ,00007 .00015 . 00045
DO D <o It • UUU'JX ,00004 .00009 . 00048
OO DO II • uuuux .00008 .00075 . 00200
C)0 / J. II vaxue s not considered, data
oo / It orinri7. UUUU
/
.00014 .00025 .00039
00 ( II •! • (J(JyJ\J/z> ,00003 .00004 . 00007
00 ^ II * U UUU<i . 0001
5
n t. 7 c II
• uuuuo .00012 .00046 .00120
A 7T It
. UUuUo .00015 .00035 001
It
. UUUUD .00009 .00017
O't / It • UtJUU^s .00006 ,00018 .00059
Average .00003 .00009 ,00028 .00098
8411 ^3 .00005 .00035 ,00134
8412 II .00006 .00028
8413 II
8421 M .00009 .00037 ,00105 .00195
8422 It .00006 .00024 .00060 .00125
8423 n .00005
8431 »i .00002 .00015 .00038 .00075
8432 M .00002 .00034 ,00100
8433 II .00008 .00030 .00076 .00135
Average
.
.00006 .00029 ,00085 .00145
3461 .00002 .00006 ,00012 .00025
3462 )i .00005 .00010 ,00050 .00175
8463 .00006 .00035 .00155
Average .00004 .00017 .00072 .00100
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STRESS IN TKIC STE>IL.
Table VIII has been prepared showing the unit lateral
deformations at different loads for each colurm in Groups Ai,
koi A3, and class B. All values were taken from the cu.rves. By
definition the Modulus of Elasticity E of a material is the ra-
tio of the unit stress (S) to t}ie unit deforinat ion (e) within
the elastic limit of tlie material. The modulus for the steel
will be assianed at 30000000 lb. per sq. in. The unit increase
in the diameter of tlie spiral is taken a?; the sfime value as the
unit lateral deformation {^iven in Table V7/i- This will be very
nearly correct as in setting tlie device for measuring the lateral
deformation the outside surface of the column was chipped off,
and the bearing plates placed in contact with the steel. The
stress in the steel (S) then will be S -Ec, where E is the m.od-
ulus of elasticity and e is t?ie unit deformation.
The results of the computations are given in Table
IX. The average' value for the deformation for the different
loads being used in t/ie computations.
TABLE I.;C.
Unit Stress in the Steel for Different Loads.
Load. Unit Stress in Steel,
lbs. per sq. in. Group A> . Group A2. Group A3. Clasr. B.
lb. per lb. per lb. per lb. per
sq.in.. sq.in. sq.in. sq.in.
1000 900 900 1800 1200
1500 1500 2700 7700 5100
2000 3000 6400 25500 21600
2500 7200 29400 43500 30000
From these result^'it is seen that the stress in the
steel increases with the load applied; that for tlie same load
the stress in the steel is greater for the leaner mixtures after
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the maximiun load which v/ould be sustained by the wihooped col-
uine is reached. A study of tlie stress-deformtion diagrams .aae
seeris- to indicate that the failure of the column was due to the
stressing of thesteel beyond the yield point where the maximum
load was reached before an excessive bending of the column took
place.
E]??ICIS1;GY Oi? REINl?0RCI§O]TvTT
.
In order to compare the efficiency of the different
kinds and sizes of reinforcement, Class A of the previoiss classi-
ficaticn will be subdivided into three groups according to the
si^-e of the spiral. The columns having No. 7 spiral reinforce-
ment will be called Group Ay ; those having l/4 in. spiral will
be called Group , and those having 3/8 in. spiral will be
Called Group A? . In this classification no account is taken
a
of the difference in the mixtures as it is thouglit that such
difference will have little or no effect upon the efficiency of
the steel.
Professor A. H. Talbot in Bulletin No. 20 of the Sn-
gineering Experiment Station, gives the following method of de-
termining the additional strength for l";'^ reinforcement. At about
the point at which the column would fail if unr einf orced , the
stress-deformation diagram for the column takes a decided bend
and t>ien continues on com.paratively uniformly'' for some distance.
If a tangent be drawn to this straight part of the curve and con-
tinued back to the load axis it will intersect that axis at a
point which agrees fairly well with the load that the coliimn
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would sustain if wnreihf orced . The difference between this load
a2id the inaxirniini load is the additional load sustained hy the
reinforceihent . This additional load divided by t-'ie per cent
reinforcement giverj the a.dditional load per l'^ reinforcement
.
TAhle X iy prepared showing results of the above
determination for tl.e different groups. In some cases the point
of failure of tlie colujan was not reached owing to the limited
capacity of t}ie testing machine. In such cases the method above
would not hold and those coluinns were omitted in making the aver-
ages * .
The averages of the estimated strength for the columns
if unreinf orced is somewhat less than the actual values found
for the plain columns described by Messrs. Burch and Heaney, and
also for the corresponding cubes for the spiral-reinforced col-
umns .
It should be borne in mind that these estimated values
are only intended to be approximate.
By comparing Group- A 7 with Glass B, it is seen that
the higli-carbon steel of the samejsize gives a higher value per
1/i reinforcement than the mild steel. This difference is quite
large but should be expected when the higher elastic limit of
the former is taken into account.
Considering Groups A-j
, Aj. ' , and Ax i*]^ would seem
that the smaller spiral gives the higher eff icienc3'-. The dif-
ference in Groups A yj and Ai is not large, however. The small
4
value for Group A ? is attributed to the failure of the column
a'
from other causes before the steel had reached its yield point.

TKBLB X.
o 1 tiinn Per cent Strength 01 L/OiLiFin Additional
rio • Rein- Estimated Max iniun Strength
foreernent. I"bf3.per JL Ds .per per If
sq. in. scj . . in • Rein.
Ib./sq. in.
uKOuP A 7
.
/' 1-3- 8311 o ft.87 /Ci, C^, 3750 5320 xangenL ina.eii —
o o 1 • 85 1, 2500 3/c4U O f\J
A oolo .91
,
2750 oo2(J y bU
/-
D <^ 1
- 2^ oo ol • bo 2200 'z / r\ l/s9U
o o b <s . 90 2 500 oofO n "Zlouu
. >f D 1
. o5 1700 l/iy U
^ / OAT T
. 84 1100 ± o / U
b 4 1 <i • bo loOO langenu mcieii —
.85.
Average.
850
2110
GkOUP A J- •
n 1 1< c
.
h 1.68 ^. c, 3400 ^ 1150Q -Z «5 O 1.69 3000 OlUU 1240
1 7P 'A «> (=,
A
c "z o n 1170
1
-
- J- "I'OO f X 1.66 2500 c ^i. r\o3oU
{
'iTo failure at
8372 1.67 2900 5500 Max. Load.
,'83 73 1.67 18 50 4190 1400 "Age of 14 days.
'\^374 1.65 600 1840 770 Age of 14 days.
83 75 1.65 1950 4500 1540
1
^ 3-4 8421 1.65 1500 3390 1140
' 8422 1.67 1750 3210 880
8423 1.63 850 1710 530,
I'i'f 8471 1.65 2200 •2650 (Tangent i nd i f i -
8472 1.67 2560 [ nite.
„ 8473 1.67
Average
.
/ 2250
2020"
3740
)- ! - ^ 8331
.1 8332
r 3-(, 8431
' 8432
" 8433
I
'f 8481
6482
., 8483
„ 8485
8486
8461
8462
8463
3.74
3.80
3.77
3.75
3. 73
Average.
4.00
3.98
3.98
3.97
3.98
Average
.
1.99
1 .86
1.73
Average.
GROUP--- A 3.
3900
3800
1550
1125
1250
CLASIS c. je.
.
3000 l^A.c^
2450
3450
2800
2400
CLASS
5330
5530
3710
3700
4200
4700
4200
4870
4420
3970
ijTo failure at
Max. Load.
570
670
790
1650
1600
1470
3430
3050
3470
420 /
440 I
3 60
410
595
405
650
7 50
1080
830
r
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A study of the stress-deformation curves for these coliwnns hears
out t?iis conclusion.
Class C, which is reinforced both longitudinally and
with spiral, has the low value of 400 Ih. per sq. in. additional
strength for l.'f total reinforcement, while Group A
^ ,
which has
spiral reinforcement only has a value of 1250 Ih. per sq. in.
The very large longitudinal deformation of the spiral -hooped
column stresses the longitudinal reinforcement much heyond its
elastic limit before the full strength of the spiral reinforce-
ment is developed, thus making an unfavorable condition for a
combination of the two kinds of reinforcement. It would seem
then, that the longitudinal reinforcement alone, or the combina-
tion of the two kinds of r einforcem.ent , is not as efficient as •
the spiral reinforcement alone.
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TABLE XI . .
GENERAL DATA OF TEST SPECIMENS.
Column Kind of Reinforcement
.
Age at Minor Specimens
No. Concrete
.
Per cent. Size. Test, 'Cu"be3
.
Cylin(
da.zrQ . 12in. 6in. 8in.xl
8311 1-1-2 ,87 No. 7 E.C. 65 2 3 1
8312 1-1-2 .85 do 65 2 3 1
V>313 1-1-2 .91 do 70 2 3 1
8321 1-1-2 1.68 l/4in.H.C. 50 2 3 1
3322 1-1-2 1.69 do 62 2 3 1
8323 1-1-2 1.72 do 65 2 3
8331- 1-1-2 3.74 3/8iri.H.C- 60 3
8332- 1-1-2 3.80 do 66 2 3 1
15361 1-2-4 .85 No. 7 H.C. 65 2 3 1
8362 1-2-4 .90 do 67 2 3
8363 1-2-4 .85 do 59 2
8371 1-2-4 1.66 l/4in.H.C. 62 2 2
8372 1-2-4 1.67 do 63 2 3
8373 1-2-4 1.67 do 14 2 2
8374 1-2-4 1. 65 do 14 2 3 1
8375 1-2-4 1 .65 do 60 2 3
8411 1-3-6 .84 No. 7 K.C. 67 2 3 1
6412 — 1-3-6 .85 do 66 2 3
8413 1-3-6 .85 do 67 2 3 -
8421 1-3-6 1.65 l/4in.K.C. 60 2 3 1
8422 1-3-6 1.67 do 62 2 3
8423 1-3-6 1 .63 do .65 2
8431 1-3-6 3.77 3/8iri..H.C. 61 •A 3 1
8432 1-3-6 3.75 do 63 2 3 1
8433 1-3-6 3.73 do 66 2 3
B471 • 1-2-4 1.65 1/4 in. H.C. 64 2 3 1
8472 1-2-4 1.67 do 62 2 3 1
8473 • 1-2-4 1.67 do 60 2 3 1
8461 1-2-4 1.99 l/4in.'H.S. 60 2 3
8462 1-2-4 1.86 do 70 2 3 1
8463 1-2-4 1.73 do 66
8481 1-2-4 4.00 l/4in. and 60 2 3
8482 1-2-4 3.98 6-3/4Rods. 65 2 3
8483 1-2-4 3.98 do 62 2 3 1
8485 1-2-4 3.97 do 60 2 3
8486 1-2-4 3.98 do 70 2 3 1
NOTE: -The stone was the same thrtA'Out, and the reinforcing
wires were spaced 1-in. center to center. All
col-'oinns were 12- in. in diameter inside of
spiral reinforcement.
H.C, High carbon steel spiral.
K.S., Mild steel spiral.
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TABLE XII.
COT.CPARISON OF TESTS OP 6 -IN. CUBES ATTDXOLUTniS.
6-in. Cubes. Columns.
No. Mixture Ace Maximum load. Age Maximum Load
at Test Total lb. per at Test Total lb ,per
days. lbs. sq. in.
.
days
.
lbs. sq . in
8311 1-1-2 66 167633 4660 65 600000 5320
1;9312 1-1-2 65 111600 3103 65 366000 3240
8313 1-1-2 69 129233 3543 70 410000 3620
*8321 1-1-2 60 184166 5118 60 600000 5320
8322 1-1-2 60 138266 3843 .62 583000 5100
8323 1-1-2 70 142733 3966 65 598000 5300
*8331 1-1-2 61 193700 5380 60 601000 5330
*^332 1-1-2 66 133733 3716 66 625000 5530
6361 1-2-4 62 95076 2640 65 377000 3340
8362 1-2-4 62 76480 2123 67 415000 3 670
6363 1-2-4 59 317000 2800
8371 1-2-4 60 85040 3364 62 603000 5330
X-8372 1-2-4 61 93 526 2593 63 610000 5500
8375 1-2-4 14 68575 1905 14 474000 4190
83 74 1-2-4 14 40366 1120 14 208000 1340
8375 1-2-4 59 86066 2386 60 509000 4500
8471 1-2-4 61 83033 2311 64 300000 2650
84 72 1-2-4 67 107866 2997 62 291000 2560
8473 1-2-4 62 81866 2273 60 310000 274Q
'8461 1-2-4 60 84066 2333 60 388000 3430
8462 1-2-4 63 60700 1583 70 345000 3050
8463 1-2-4 69 64100 1330 66 393000 3470
8481 1-2-4 68 73535 2040 60 529000 4 700
8482 1-2-4 61 68400 1900 65 475000 4200
J- o t JO 5 50000 4R70
8485 1-2-4 59 60033 1666 60 500000 4420
8486 1-2-4 58 50833 1413 70 449000 3970
8411 1-3-6 66 82933 2303^ 67 302000 2670
8412 1-3-6 63 50966 1420 66 220000 1940
8413 1-3-6 70 49966 1379 67 206000 1820
8421 1-3-6 59 56466 1561 60 383000 3390
8422 1-3-6 52 54533 1521 62 ,363000 3210
8423 1-3-6 23 56900 1588 65 193000 1710
8431 1-3-6 64 66800 1854 61 420000 3710
8432 1-3-6 59 44433 1236
.
63 417000 3700
8433 1-3-6 67 43300 1200 66 475000 ^.200
Coljwans not tested to failure.
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TABLE XII.
(Contimjied
)
COJ..TPARIS0N OP TESTS OP 12- IN. CUBES A!TO COLUmiS.
12-in. Cubes. Colinnns.
No. Mixtiire Age Maxinum Load. Age Mai'lmim Load
at Tent. Total lb .per at Test Total lb. per
days
.
lbs
.
sq. in. da:"-s
.
lbs
.
s q' . i n
.
8311 1-1-2 66 609000 4245 65 600000 5320
8312 1-1-2 65 420050 2925 65 366000
8313 1-1-2 66 484500 3360 70 410000 3620
^ 8321 1-1-2 63 615000 4280 60 60Q000 5320
8322 1-1-2 74 526500 13-70-5*^-^ 62 583000 5100
8323 1-1-2 67 453000 3175 65 598000 5300
^6331 1-1-2 65 630000 4375 60 601000 5330
^ 8332 1-1-2 68 596500 4130 66 525000 onoO
8361 1-2-4 65 3 V) 7200 2 755 65 o f AUiJO '7^ HL A r\oo4U
8362 1-2-4 6 5 404000 2805 67 415000
8363 1-2-4 55 39 5500 2745 59 317000 2800
8371 1-2-4 60 450300 2940 62 d03000 5330
^83 72 1-2-4 67 433500 3010 63 610000 5500
8373 1-2-4 20 19 6500 1355 14 474000 4190
8374 1-2-4 18 147000 1022 14 208000 1840
8375 1-2-4 58 382000 2650 60 509000 4 500
8471 1-2-4 74 448500 3113 64 300000 2o50
8472 1-2-4 68 308500 2143 62 291000 /i 5 o
8473 1-2-4 63 313000 2173 60 310000 /'4U
8461 1-2-4 60 433000 2990 60 3bo000 3430
8462 1-2-4 70 345000 3050
8463 1-2-4 66 238000 16 53 66 393000 3470
8481 1-2-4 70 381000 2640 60 529000 4 700
8482 1-2-4 69 298000 1065 -~ 6 5 475000 4200
8483 1-2-4 81 407500 2820 62 5 50000 4870
8485 1-2-4 75 307000 2130 60 500000 4420
8486 1-2-4 61 330500 2295 70 449000 3970
8411 1-3-6 66 290500 203 5 67 302000 2670
8412 1-3-6 63 233000 1620 66 220000 1940
8413 1-3-6 67 167000 1165 67 206000 1820
8421 1-3-6 59 272000 1885 60 383000 3390
8422 1-3-6 62 250500 ]1719 62 363000 3210
8423 1-3-6 61 170500 1183
.
65 193000 1710
8431 1-3-6 77, 307500 2145 61 420000 3710
8432 1-3-6 73 197500 1370 63 417000 3700
8433 1-3-6 69 -155500 1090 66 475000 4200

TABIJ] XII.
(Continued
)
COMPARISON OF TESTS OP CYLINDERS AND COLIIT'INS.
8- in. X 16-in. Cylinders. Coliunns
.
No. Mixture
.
Age Maximum Load. Age Maximum Load
at test Total lb. per at Test Total 11). per
days
.
llDS. sq. in. da3'-s
.
llDS. sq. in.
8311 1-1-2 66 232000 4600 65 600000 5320
8312 1-1-2 68 141100 2810 65 366000 3240
6313 1-1-2 55 140300 5300 76 410000 3 620
^8321 1-1-2 64 229000 4550 60 600000 5320
8322 1-1-2 61 146900 2925 62 583000 5100
*S332 1-1-2 72 183700 3650 66 625000 5530
8361 1-2-4 62 92790 1845 65 377000 3340
8374 1-2-4 14 21400 426 14 208000 1840
8411 1-3-6 66 48000 955 67 302000 2670
8421 1-3-6 59 5 7300 1140 60 383000 3390
8431 1-3-6 62 63800 1270 61 420000 3710
8432 1-3-6 60 44300 880 63 417000 3700
8471 1-2-4 61 76300 1520 64 300000 2650
8472 1-2-4 67 100000 1990 62 291000 2560
8473 1-2-4 62 74600 1490 60 310000 2740
8462 1-2-4 66 71300 1420 70 345000 3050
8483 1-2-4 58 93000 1855 62 550000 4870
8486 1-2-4 58 57000 1130 70 449000 3970

37.
CUBE AITT; CYLINT^ER Tl^^T HAT A.
In Ta"ble XII is given a comparison of tests of the
Coliunns with their corresponding 6-ln. and 12-in. cubes, and
8xl6-in. cylinder. The, table shows that the minor specimens
v/ere tested at about the same age as the columns, and therefore
the strength of concrete in each, can be compared. Tiie stren^h
of the reinforced column can not be compared, directl^r with the
strength of tlie cubes and cylinder, on account of the stress
taken hy the reinforcement of the colurrai. In several of the
column tests the test was discontinued and the spiral reinforce-
ment stripped off before the point of failure was reached. The
results of the cube tests were very valuable ih making compari-
sons with the strength of the stripped column.
cylinder tests. Cubes of the same batch showed great uniformity
of strength. The average strength of the 6-in. cubes made from
a 1-1-2 mixture is 4166 lb. per sq, in.; the average strength
while the average strength of the concrete in corresponding col-
umns, is 3500 lb. per sq. in. The results for tlie various mix-
tures are formulated below In Table 'XII A.
Table XIT gives the average results of the cube and
of the corresponding 12-ln. cubes, is 3483 lb. per sq. in •
»
TABLE ^XII A.
Average Strength.
Mixture
.
Max iraum Es 1 1raated
Strength. Strength,
lb.per sq.in. lb*per sq.in.
Columns
.
lb.per sq.in.
6-in. 12-in.
4166 3483
2130 2520
1563 1522
Cubes
.
C7/linders
8xl6in.
lb .per
s q . in
.
1-1-2
1-2-4
1-3-6
4845 3300
3740 2310
2930 1290
39 72
1460
1061
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Prom the table if is seen that the strength of the concrete in
the coliunn is not as great as that of the cubes, while the
strength of the reinforced column is greater than that of its
corresponding cube. ^
REPSTITIVl LOADINCt OP COLTOrMS.
In most of the column tests the load was applied pro-
gressively to failure; that is,, without releasing the load dur-
ing the test. V/hen a load is applied and then released, then
reapplied andreleased agaiii, and this continued to failure, the
loading is known as repetitive. Columns No, 8321, 8331, 8332,
8412, and 8482 were tested in this manner. Two methods of repet-
itive loading raa^r be distinguished. In one case the loa,ding
varies betv/een the initial and the maximum load, being varied
by increments between these tv/o limits; in the other case, each
successive load is repeated, the load being increased in incre-
ments until tl-ie point of failure is reached.
Column TTo. 8321 was a 1-1-2 mixture with l/4 in. high
carbon steel spiral reinforcement and its age at the test was
60 da^^s. The loading v/as of the first class above mentioned.
The initial load was fir^t increased by increments to the max-
imum load of 5320 lb. per sq. in., and then -the load was re^
leased to the initial. The load was then increased by larger
increments to a maximum again, and then decreased by increments
to the initial. This was repeated a third time. The longi-
tudinal-deformation curve for the first load is parabolic in form
Siiowing that the steel v/as probably not stressed. The curves
for the second and third repetitions, appraoch a straight line,
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and it is concluded that the reinforcement was ta>inp^ stress.
The test was discontinued at this point, but it is prohahl^ the
column would have failed soon if the repetition of load had "bean
continued. Columns No. 8322 and S323 of the same mixture and
reinforcement as column No. 8321, were tested under single load-
ing, but did not show the strength of Column No. 6321, Hefer-
ing to the corresponding cubes of these columns it is seen the
concrete of column No. 8321 is of greater strength than that
of the other two columns, and therefore the reason for the great-
er strength of the coluimn is apparent.
Column No, 8331 was of 1-1-2 mixture, with 3/8-in.
spiral reinforcement, djiid was tested in the saine manner as the
preceding column, reaching a maxlmtHn of 5330 lb. per sq. in.
The loading was repeated twice after which the column was strip-
ped of its reinforcement, and again tested. The load was then
applied cont inuousljr ajui a maximmn of 3200 lb. per sq, in. was
reached. The strength of the corresponding cube was 4375. Com-
paring this with the strength of the stripped colm.in, the result
is very surprising. Coluirin No. 8332 v/as of the same mixture
and reinforcement as colujnn No. 8331, and was tested in the some
manner, taking a maximum of 5530 lb. per s.;. in. The columns
were of practically the same age, bu', the tests of their corres-
ponding cubes shows the concrete of column No. 6331 to be the
stronger,
Coliu^in No. 8412 was a 1-3-6 mixture, with No. 7 spiral
reinforcement and age at time of test was 67 days. The load
was repeated from the initial to a maximum of 1940 lb. per sq.
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in, twice, after which the spiral was stripped' off
.
The stripped column was tested under a continuous load
reaching a naxiriurn of 1250 lb. per sq. in.
A corresponding colijirnn No. 8411 with No. 7 spiral
reinf orceiaent took a maximun load of 2670 lb. per sq, in. under
continuous loading. Here it again becomes evident that repeti-
tion of load reduces the maximum"' load
,
Repetitive loading according to the second class men-
tioned above, was applied to column No. 8482, This column was
a 1-2-4 mixture and the age at the time of test was 65 days. In
addition to the l/4-in. spiral reinforcement, it contained 6
5/4-in. round rods, which extended throughout txie length of the
column. These rods v/ere distributed uniformly around the inner
circumference of the spiral. The column was tested b.y applying
and releasing a load of B^OTo, .r)er sq, in. 10 tim.es, then
applying a load of C'<^<^lb. per sq. in. 10 times, this being
repeated until failure occurred at a raaxim.um of 4200 lb, rjer sq.
in. Comparing this result with the results of Columns 8481,
8483, 8485, and 8486, which were tested with a continuous load,
it is seen that the strength of column 8482 is lower, as would
be expected. It is believed that longitudinal reinforcement is
beneficial, especially during the process of construction. The
longitudinal reinforcement is not as efficient in^ producing ad-
ditional strength, as the spiral alone, as is shown in the dis-
cussioii of Stress in the Steel.
It is concluded t?iat repetitive loading decreases the
maximum strength of t.^ie coluinn, as obtained by continuous load-
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ing. 'From the stress-deformation curves, it is seen' that for
hic^ loads, the deforiaation andj^et increases during a larger
and larger number of applications., until the column final 13'"
fails under the repetitive loa.ding. .l?or small loads deformation
ai:id set is not so graat. When the load is increased after the
repetition of a given load, the stress-deformation curve at once
rises until it takes the general direction of the stres s-def orma
tion curve, for a sihgle application of the increased , load. If
the points for the last repetition of each load he joined, a
curve having the same general form as the curve for single appli
cation, will he obtained but with greater deformations. This
is referred to in Fig. 11, page 40 of Bulletin No, 10 of the
University of Illinois Engineering Experiment Station. For
large loads the lateral deformations and sets also continue to
increase.
poiimEORCED ooluj«cns stripped.
The testing of the columns when stripped of their rein
forcem.ent showed surprising results. Colurtms No, Bi^ol, B??2
and 8412 were tested in this manner. Table XIII shows the
average strength of the columns stripped and their correspond-
ing cubes.
TA3LE XIII.
Strength of Stripped Columns.
Ho. Mixture Load on Column 12-ir. Cube.
lb. per sq, in, lb. per
Before Stripped. sq. in.
Stripping.
" 8331 1-1-2 5330 3100 4375
8332 1-1-2 5530 2650 1:130
8412 1-3-6 1940 1250 1620
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Prom the ta'ble it is seen that the strength of the
stripped column is ahout 7!i per cent of the strength of the
corresponding cube. Triis is a remarkable fact when it is con-
sidered that the column has been stressed far in excess of the
streiigth of the concrete.
The longitudinal deformations also greatly exceed
those for corresponding loads, of the columns reinforced, and the
amount of deforraation after stripping before failure occurs is
surprising. If the longitudinal-deformation curves of the
strix>ped colvmn 'vere plotted from the point of permanent set
of the reinforced column, the abscissae would be trie true de-
formation. The curves j'jlotted from the intial reading of the
reinforced ca-luinn, as they are, show the true relatiori, however.
Comparisons made bet?;een stripped columns, and plaiii concrete i
'V'
columns of the same mixture would give interesting results. It
is concluded that the strength of the stripped columns depends
on the ajnount of stress the column was subjected to before
stripping.

STKESS-^EPORICAT I OIJ T) TAGRms .
The diagrams, Fig. 6-41, show the stress-deformation
curves for the colnmiiB tested. The observed and computed data
from which these curves were plotted is foimd on pages 53 to
163. In computing the unit loads, the diameter of the columns
was talcen as 12 in., this being the diameter of the spiral rein-
forcement. The average of the four extensometer readings was
used to ^lot the longitudinal deformation. In computing the
unit lateral expansion, the deformation was considered as occurr
Ing in a length equal to the diameter center to center of the
spiral reinforcement. The two readings of the lateral deforma-
tion were computed, and plotted as separate curves. In most cas
es the two curves for the lateral deformation agr'^e very closely
especially di>iring the first part of the test, when the concrete
is taking the greater part of the load. Upon inspection, the
curves for the richer mixtures hegin to show rapid increase in
deformation at a load of 2500 to 3000 pounds per square inch.
For the 1-2-4 mixtures this increase in deformation is observed
at a load of 1500 to 2000 pounds per square inch and for the
1-3-6 mixtures at a load of 1000 to 1200 pounds per square inch.
Beyond these points curve flattens considerably, due to the rap-
id increase in deformation due to a small increase -in load.
The curves up to t}iese points have the same general form an the
curves for plain columns, and are approximately parabolas. The
lateral expansion curves are similar in form to the longitudinal
deform.ation curves.
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8311
8312
8313
Averat^e.
*8321 1/4 in,
8322 l/4in
8323 l/4in,
b«6331 ''4/8in. 3.74
pf8332 3/8in. 3,80
Average.
Average of all
1-1-2 Fixtures.
Col- Reinforcement
umn. Size, Per
No. cent
»
#7
#7
87
85
,91
,68
,09
72
8361 #7
8362 #7
8363 #7
Average,
8371 1/4 in
^^372
8375
8471
8472
1/4 in.
1/4 in.
l/4in.
1/4 in,
8473 l/4in.
Average
.
Average of all
1-2-4 Mixture
8373 l/4in. 1
8374 l/4in. 1
Average
.85
.90
.85
.66
.67
. 65
.65
.67
.67
s
.
.67
.65
T.ABLE XIV.
MODULI OF ELASTICITY AlID
POISSON'S RATIO.
. Max. Ratio of //to 5 .
"From Comput- Load
.
tangent ed llD .per 750 1000 1500 2000
to curve .Values sq. in. 11)S. per sq. in.
1-1-2 r'lXTTIRl?,
3o00000 5800000 5320 . u bu .091
30S000Q 3 750000 3240 . J.00 . J. O't .206
3075000 3800000 3620 . Ub/c
3318000 44500'00 4060 . iiy • U J 00 A• U J 7139
4000000 55 70000 5320 T n T 1 A r\ m J-^D .170
44d0000 4 630000 5100 . ol<i » K. J't • 3 '1/3
4650000 4610000 5300 , (J b U . lUw . xuu .116
4367000 4937000 5200 . 1 J. . X f .199
4700000' 6230000 5330 .100 .105 .109 .104
4 6 50000 4980000 5530 .051 .100
46 75000 610500
0"
5430 . lUU . xuo O>f"0' ,102
4120000 5164000 4630 TOG 1 O'T'• XtC I .147
1-2-4 HIXTimE.
3450000 3540000 3340 .096 .097 .103 .155
3330000 3870000 3670 ,073 .130
2670000 2670000 2800 .100 .327
3150^000 3360000' 3270 .096 .097 . 092" .204
5000000 4070000 5330
3850000 4550000 5500 .222 .288 .300 .331
3080000 2835000 4500 .100 .095 .178 .336
3180000 3500000 2650 .174 .176 .226 .293
4650000 2560 .150 .161 .173 .224
3450000 3620000 2740 .069 .113 .206
3 868000 3715000 3556 .162 .158 TT98 .280
3 509000 3538000 3413 .129 .128 .145 .242
3770000 3000000 4190 .080 .063 .039 ,026
2630000 1040000 1840 .071
3200000 2020000 3015 Toso r(T63 T039' ,049
1-3-6 MIXTURE
8411 #7
8412 #7
8413 #7
Average
.
84
85
85
2 580000
2500000
1700000
226600'0'
2210000
2590000
1290000
203(
2670
1940
1320
2143
.060
.06 5
,50 6
.144'
.091
.104
.222
.250
.387
.098 .236 .387
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TABLE XIV.
(Continued)
Col- Reinforcement. Max. Ratio of /I to c.
umn. Size. Per Prom Comput- Load
.
!To. cent
.
tangent ed Ih .per 750 1000 1500 2000
to curv e. Values
.
s q . in. Ihs. per i "n -
5421 l/4in. 1 3330000 2410000 3390 .138 .180 .308 .397
8422 1/4 in. 1 9 f 2600000 3080000 3210 -.072 .13 6 .242 .318
8423 l/4in. 1 2600000 1330000 1710 .306 .268 - - -
Average
.
2843000 2273000 2770 .172 .19 5 7275 '.358
8432 3/8in. 3 » f V 2300000 208 5000 3700 .030 .194 .256
8433 3/8in. 3 . 73 2679000 217000'^ 4200 . 14o .loo .200 .237
Average 2465000 2126000 3950 .143'' . 084" ,197" .247
Average of all
1-3-6 Mixtures • 2529000 2144000 2954 .153 .126 .236 .331
1-2-4 MIXTURE.
8461 l/4in. 1 .99 3850000 3460000 3430 .079 .067 .096 .117
8462 l/4in. 1 .36 3810000 2520000 3050 .152 .125 10? .156
8463 l/4in. 1 .73 2920000 2380000 3470 .222 .176 .380 .607
Average 3527000 278Y600 3317" .151 . 123" .193 .297
8461 l/4in. 4 .00 4000000 4450000 4 700 .080 ,093 .123
8482 Spiral . 3 .98 4200
8483 6 -3/4 in.
3
.'98 4170000 5:^10000 4870 . O80 .083 .105 .107
8485 round 3 .97 4175000 4420000 4420 .219 .217 .225 .262
8486 rods. .98 3770000 3610000 3970 .100 .107 .070 .101
Average 4029000 450*5000 4440" .136 7r22 .123
^ These columns did not fail at the inaxiraura load and are
not considered in computing the average maximum load.
Coliirans 8373, and 3374 v/ere 14 day tests.
Col'umns 8461, 8462, and 84 63 were reinforced with mild steel,
all others were reinforced with high carhon steel.

46.
INITIAL MODULUS OP ELASTICITY.
In TalDle XIV is given two values of Ecjthe initial
modulus of elasticity^ for the different mixtures and kinds of
reinforcement. These values were o"t)tair.ed as follows. A line
was drawn tangent to t>ie stress deformation curve at zero load
and the value of the tangent of the angle which this line made
with the horizontal gave the initial modulus of elasticity.
The values of Eq found hy this method are given first in, the
tahle. The second value of ""Ic ^'^^ ohtained by assuming a de-
formation of 0.0012, as "being the average deformation at ultimate
load for plain concrete columns. Also assuming the stress~de-
forma-tion curve to he a parabola with the vertex at the point
corresponding to a deformation of 0.0012 the value of E^v/as ob-
tained by dividing the value of the unit load for the assumed
deformation of 0.0012 b;'- l/2 this deformation or 0.0006. The
average values E^3 for the different coli^smns are given below in
Table XV.
TABLE XV.
Moduli of Elasticity.
Mixture. Reinforcement. Initial Mod. of Elas.
1st. Method. 2nd. Method.
1-1-2 #7 high carbon steel.
1-1-2 1/4 in. " "
1-1-2 3/8 in. " "
Average of all 1-1-2 Mixtures,
3,318,000
4,367,000
3,_675,000
4, 120', DOO
4,450,000
4,937,000
6,105,000
5,164,0150"
1-2-4 #7 high cabron steel.
1-2-4 1/4 in. " "
Average of all 1-2-4 Mixtures,
3,150,000
5,868,000
3, 509", 000
3,360,000
3,715 ,000
3, 538,IR5fy
1-3-6 Tf^7 high carbon steel,
1-3-6 1/4 in. " "
1-3-6 3/8 in. " "
Average of all 1-3-6 Mixtures,
2,260,000
2, 843,000
3,485,000
2 , 529', 000
2,030,000
2,273,000
2,128, 000
2,144,00TT

47.
TABLE XV.
(Continued
)
Mixture. Reinforcerient . Initial Mod. of Elas.
1st. Method. 2nd. Method.
1-2-4 1/4 in. mild steel, 3,527,000 2,787,000
1-2-4 1/4 in. high carhon 4,029,000 4,505,000
steel, 3/4 in. round rods.
Prom an inspection of these resiilts|it is seen that
the modulus is greater for the richer mixtures, as would he
expected. Increase in size 01 reinforcement in almost all cas-
es gives an increase in the value of Ec, this being particular-
ly true with the richer mixtures.
The two values of as determined "by the above men-
tioned methods agree fairljr well, the 1-2-4 mixtures showing
the closest agreement.
The values of Sc are somewhat higher than those ob-
tained for the 1906-07 tests for the sane mixtures. The high
carbon steel gives a higher modulus than the mild steel for the
same mixture and same per cent reinforcement, also 1-2-4 mix-
tures with both longitudinal and transverse reinforcement give
about the same value of Ec as 1-1-2 mixtures with transverse
reinforcement only, i
POIS SON'S RATIO:
The ratio of ^ to £ the unit transverse, to the
unit longitudinal deformation, or Poisson's ratio as it is called
wa.s deterj'iiiiHfi nt four different loads namely, 750, lOOr'l'S^OO,
and 2000 pounds per square inch. The values are given in Table
XIV for all the coluimns tested. A study of trie values given in
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this table shows that the ratio at low unit loads is fairly
constant, varying from l/lO to l/6 or l/4 and increasing as the
ultimate load is approached.
Values at 750 poimds per square inch are in some cases
greater than those at 1000 and 1500 Ih. per sq. in. This nay
he accounted for hy the fact triat it was extremely difficult
to take t>i8 values from the curves at this load, a very small
difference in the lateral deformation causing a large difference
in the value of the ratio. In a number of the results the val-
ues of Poisson's ratio at 1000 and 1500 lb. per sq. in. are a
about the same. The richer mixtures seem to give a lower value
of the ratio than the leaner ones, and the changes in ratio
at different loads are also greater for the leaner mixtures.
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yi. SOT^ARY.
(1) The failiire of spiral hooped concrete oolunns in
not sudden, ample v/arning "being given bv the narked lateral loend.-
ing and the spalling which occurs long before the ultimate load
is reached. The hooping does not come into action until the load
equivalent to the ultimate strength of plain concrete is reached.
Spiral hooped columns shorten and bend laterially considerably
at high unit loads. The latter fact would limit their use to
some extent in sturctures where no great amount of longitudinal
shortening could be allowed.
(2) The average ultimate strength of the columns
tested together with the increase in strength per I'f reinforce-
ment is given in the foil owing Table XVI.
TATTLE XVI.
Mixture. Reinforcement. Per cent Average. Average Increase
Reinforcement, Ultimate Ultimate per if
1-1-2 #7
1-1-2 1/4 in,
1-1-2 3/8 In.
1-2-4 #7
1-2-4 1/4 in,
^1-2-4 1/4 in.
1-3-6 #7
1-3-6 1/4 in,
1-3-6 3/8 in.
Load. Load. Rein-
lb, per Plain force-
sq.in. Concrete. ment ,
.00 4060 676
1.69 5200 3465 102r^
3.77 5430 521
Average
.
85C
.87 3270 130(^
1 .67 3556^ 3140 850 -
1.86 3317 63 r;
Average. 92 •
,85 21'43 12 GO
i ,65 2770 1100 1010
3,75 3950 760
Average lOlO
All others high carbon.
Value not used in computing averages as columns ^did hot fail
at may^ imum 1 oad
.
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From these results it is seen t?iat for t?ie sane mix-
ture an increase of strength is obtained v/ith increase of rein-
forcement. The mild steel reinforcement does not give as high
an ultimate strength as the high carhon steel. The tahle also
shows that the additional strength per one per cent of rein-
forcement is ahout the same for t?ie different mixtures.
(3) A comparison of the 1-2-4 mixtures with ah out the
same arnoimt of high carhon and mild steel reinforcement shows
that the high carhon steel gives a little higher strength than
the mild steel.
(4) The average ultimate load for the colur-^ns with
both transverse and longitudinal reinforcement was 4400 lb. per
sq. in. These columns, howe^J'er, showed onl^'- about one third
as much increase in strength per one per cent r ei nf orcement 'as
did columns of the same quality and reinforced with transverse
hoops only.
(5) The average values of the initial modulus of elas-
ticity for all kinds of reinf orcem.eiit and different mixtures
are
:
Mixture. Reinforced. Plain.
QJiSLlper sq. in. lb. per sq. in. lb. per sq. in.
1-1-2 4600000 4300000
1-2-4 3800000 3300000
1-3-6 2300000 2560000
These results seem to show that Plain columns have
about the same initial Modulus of Elasticity as reinforced col-
TOTns
.

(6) Poisson'n Ratio varies from l/lO at snail loads
to 1/4 and 1/3 at the higher loads. In some cases at lov/ loads
this ratio was found to be less than l/lO and t}ie ratio varies
considerably with the nature of the concrete.
(7) With repetitive loading the set is increased and
the maixiin-Uiin load is less than that v/hich the column would sus-
tain if the load were aiD[)lied continuously.

VII. OBSERVED AlTD COMPUTET! DATA.

53.
COLmOJ, 8311.
OBSIRVED DATA.
Length, 10 ft. 2 \/2 in. Reinforcement, No. 7 Spiral.
Circumference, 3 ft. 4 in. Gauge length, 100 in.
Age, 65.d.avs. Concrete, 1-1-2.
Total. Extensometer Readings. Lat. Expansion.
Loads. Inches. Readings. Ins.
lbs. 1 N.W. 1 S.W. 2 S.E. 2 N.E. E.W. N.S.
6500 .0000 .0000 .0000 .0000 .1862 .1900
' 25000 .0025 .0040 .0038 .0039 .1858 .1894
51000 .0102 .0090 .0063 . 0093 .1858 .1893
75500 .0190 .0125 .0102 .0181 .1857 ,1677
101000 .0270 .0165 .0144 .0261 .1852 .1869
125500 .0346 .0215 .0197 .0337 .1846 .1867
150000 .0430 .0268 .0247 .0411 .1838 .1858
174000 .0390 .0330 .0302 .0483 .1832 .1855
201000 .0572 .0385 .0368 .0569 .1826 .1835
228000 .0662. .0452 .0432 .0654 .1823 .1821
250000 .0740 .0510 .0489 .0724 .1821 .1807
274000 .0825 .0552 ' .0555 .0801 .1818 .1784
301000 .0925 .0628 .0630 .0892 .1814 .1761
,325500 .1035 .0695 .0699 ,0989 .1805 .1737
351000 .1125 .0775 .0780 .1076 ,1797 .1710
375000 .1235 .0855 .0868 .1170 .1777 .1676
400000 .1335 .0955 .0967 .1258 .1749 .1647
426000 .1460 .107L ,1078 .1364 .1715 .1600
435000 .1562 .1145 .1152 .1440 .1689 .1572
446000 .1635 .1210 .1216 .1502 .1669 .1548
465000 .1630

54.
COLOTm 8311.
OBSERVED DATA.
(Continued)
.
Total
Loads
.
lbs
.
1 N.W.
Extensometer Readings.
Indies
.
1 S.W. 2 S.E. 2 N.E,
Lat, Expansion.
Readings. Ins.
E.W, N.S.
465000 .1750 .1305 .1304 .1586 .1630 .1497
491000 .1870 .1442 .1439 .1712 .1571 .1418
520000 .2065 .1650 .1642 .1895 .1460 .1282
550000 .2305 .1782 .1910 .2156 .1212 .1044
550000 Initial Reading, .1862 .1900
575000 .2690 .2182 .2290 .2458 .0810 .0716
590000 .3112 .2650 .2695 .2770 .0365 .0372
600000 .3550 .3185 .3108 .2990 .9 390 .9995
600000 Maximum load.

55.
COLmCN 8311.
COMPUTED DATA.
Unit Unit Unit Lateral
Loads, Longitudinal Deformation,
lbs. per Deformation. Inches.
sq. in. Inches. E.W. N.S.
60 ,000000 .0000000 ,0000000
220 .000036 .0000033 ,0000048 .6
450 .000087 . 0000033 ,0000058
670 ,000150 .0000041 .0000189
890 .000210 ,0000082 .0000256 \^<\
1110 .000274 .0000132 .0000272
1340 .000339 .0000198 .0000346
1540 .000401 .0000247 .0000370 io!(
1780 .000474 .0000296 .0000535
2000 .000550 .0000321 .0000650 h\'
2210 .000616 ,0000338 .0000765
2420 .000683 .0000363 .0000955
2660 .000769 ,0000396 .0001140 1L>
9 R Art r>nrtRt=i R 0001340
3110 .000939 .0000536 .0001561
3320 .001032 .0000700 .0001845 i-i--] V
3540 .001129 .0000930 .0002081
3780 .001243 ,0001200 .0002470
3850 .001325 .0001430 .0002700
3950 .001391 ,0001590 .0002900
4100 .001481 ,0001910 .0003321

56.
COmCN 0311.
COli[PUTED DATA.
(Continued)
Unit
Loads,
lbs. per
sq. in.
Unit
Longitudinal
Deformations.
Inches
.
Unit Lateral
Deformations.
Inches.
E.W. N.S.
4350 .001616 .0002400 .00039 70
4 600 .001813 .0003310 ,0005090
4870 .002038 .0005350 .0007060
5080 .002405 . .0008675 .0009750 u ! V.
5230 .002807 .0012350 .0013400
5320 .003208 ,0016300 .0015700 ,0o| U«© e

OBSERVE
Length, 10 ft. 1 in.
Circumference, 5 ft. 3 3/4 in.
Age, 65 days.
Total Extensometer Reading
Loads. Inches.
ITds. 1 N.W. 1 S.W. 2 S . E.
11000 .0000 ,0000 .0000
32000 .0033 .0016 .0019
51000 .0112 .0082 .0103
75000 .0178 .0145 .0182
99000 .0243 .0340 .0259
125000 .0334 .0330 .0359
151000 . 0433 . 0424 .0468
175000 .053 5 .0519 .0585
201000 .0661 .0639 .0725
225000 .0810 .0785 .0895
250000 .1005 .0989 .1125
275000 .1281 .1272 .1454
300000 .1831 .1853 .2005
325000 .2980 .3080 • 3372
350000 .5290 .5230 .5740
366000 MaximiOTi load.
8312,
DATA.
Reinforcement, No. 7 Spiral.
Gawge length, 100 in.
Concrete, 1-1-2.
s. Lat. Expansion. Lat . Def.
2 H.E.
Readings
.
E.W.
Ins
.
N.S.
Inches
.
N.E. S.E.
,0000 .2660 .2967 .08 ,14
.0034 .2641 ,2961 .08 ,14
.0125 .2627 .2952 .08 .14
.0210 .2613 ,294 6 .08 .14
.0274 .2589 .2934 .08 .14
.03 64 .25 62 .2925 .08 .14
.0480 .2528 .2910 .08 .16
.0604 .2487 .2888 .10 .16
.0746 .2453 .2869 .10 .16
.0910 ,2404 .2840 .10 .16
.1116 ,2305 .2 753 .10 .18
.1420 .2170 .2648 .10 .18
.1985 .1796 .2317 .10 .20
.3074 .0557 .0977 .10 .22
.4710 .04 .20
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COLUMN 8312.
COJCPUTED 10AT A.
Unit Unit Unit Lateral
Loads. Longitudinal Defonaiation.
lbs. per Deformations. Inches.
sq. in. Inches
.
E.W, !M. S •
100 .000000 .0000000 ,0000000
280 .00002 6 , .0000156 .0000050
450 .00010 .0000272 .0000123 f<^l /'
670 .000179 .0000387 .0000173
880 .000252 • .0000584 .00002 72
1110 .000347 .0000805 .0000346 nL
1350 .000451 .0001085 .0000470
1550 .000561 .0001420 .0000650
1780 .000693 .0001700 .0000808
1990 .000850 .0002101 .0001050 1 .s' -> c.
2210 .001059 .0002921 .0001765
2430 .001357 .0004030 ,0002630
26 50 ,001919 .0005450 .0005360
2870 .003127 .0017350 .0016400
3100 .005243
3240

59.
OBSERVED DATA.
Length, 10 ft. 2 in. Reinforcement, No. 7 {Spiral.
Circumference, 3 ft. 4 in. Gauge length, 100 in.
Age, 70 dajrs. Concrete, 1-1-2.
Total Extensometer Readings. Lat. Expansion. Lat . I>ef.
Loads
.
lbs. 1 N.W.
Inches
.
1 S.w. 2 S.E. 2 N.E.
Readings
.
E.W.
Ins
.
N.S.
Inches
.
N.E. S.E.
7000 .0000 ,0000 . 0000 .0000 .2627 .2336 • 04 . UU
2G000 .0045 .0050 .0037 . 0050 .2623 .2330 . 04 • UU
51000 .0121 .0110 .0098 .0124 .2651 .2318 . 06 . 00
76000 .0205 .0190 .0172 .0202 .2644 .2309 • 06 . 00
103000 .0292 .0241 . 0260 .0298 .2636 .2298 . 06 . 00
126000 .0385 .0250 .0341 .0381 .2624 .2291 . 06 - . 02
150000 .0480 .0250 . 0422 .0473 .2613 .2279 . 06 - • 02
175000 .0593 .0330 .0507 .0575 .2603 .2269 .06 - . 02
200000 .0725 .0440 .0615 .0712 ,2587 .2240 . 08 - • 03
225000 .0860 .0550 .0740 .0862 .2569 .2210 .08 - . 02
250000 .1010 .0655 .0882 .1032 .2547 .2180 .08 -.03
275000 .1200 .0655 .1160 .1230 .2513 . 2i3<s .08 -.03
300000 .1430 .0756 .1290 .1470 .2462 .2084 .10 -.03
325000 .1710 .1139 .1610 .1830 .2385 .1974 .10 -.03
350000 .2215 .1698 .2250 .2470 .2213 .1784 .10 -.03
376000 .3210 .2795 .3495 .3630 .1778 .1281 .10 -.01
400000 .4510 .4185 .5500 .4795 .0748 .0350 -.01
400000 Initial readings, .2505 .2700
410000 .6156 .4680 .8390 .6770 .1170 .1383 .12 .00
410000 Maximum load.
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COLUMN 8313.
COJtPUTED DATA.
Unit Unit Unit Lateral
Loads. Longitudinal Deformations.
Ifes. per Defonriations. Inches.
sq. in. Inches. N.S.
70 .000000 .0000000 .0000000
230 .000046 .0000033 .0000050
450 .000113 -.000019 7 .0000148
600 .000192 -.0000140 .0000223
910 .000273 -.0000074 .0000313
1120 .000399 .0000025 .0000371
1340 .000406 .0000115 .0000470
1550 .000501 .0000197 .0000553
1770 .000623 .0000385 .0000792
1990 .000763 .0000476 .0001040
2210 .000895 .0000650 .0001285
2430 .001061 .0000940 .0001685
2650 .001237 .0001360 .0002075
2870 .001572 .0002000 .00029 60
3100 .002158 .0003450 .0004 550
3330 .003283 .0007000 .0008700
3 540 .004748 .0015000 .0016350
3620 .006499 .0026400 ^0027200
I

61.
COLUJm 8321.
OBSERVED DATA.
Length, 10 ft. 2 l/2 in.
Circumference, 3 ft. 4 l/4 in.
Age, 60 days.
Reinforcement, l/4 in. Spiral
Gauige length, 100 in.
Concrete, 1-1-2.
Total Extensometer Readings.
Loads. Inches.
Lat. Expansion,
Readings. Ins,
Lat. Def,
Inches
.
lbs. 1 N.W. 1 S.W. 2 S . E. 2 N.E. E.W. N.S. N.E. S .E,
6500 .0000 .0000 .0000 .0000 ,3046 .2750 .00 ,00
27000 .0044 .0026 .0028 .0053 ,3035 .2748 .00 .00
52000 .0120 .0082 .0071 ,0161 ,3025 .2748 .00 .00
75000 .0185 .0152 .0128 ,0153 .3023 ,2750 .00 .00
101000 .0262 .0224 .0173 .0205 .3009 .2745 .00 .00.,
125000 .0336 .0284 .0234 .0263 .2999 .2735 .00 .00
151000 .0408 .0356 .0301 .0327 .2980 .2730 ,00 .00
175000 .0490 .0438 .0365 .0394 .2951 .2720 .00 -.01
201000 .0574 .0506 .0441 .0475 ,2931 .2710 ,00 -.01
224000 .0652 ,0590 .0506 .0548 .2915 .2700 .00 -.02
251000 .0750 .0678 .0593 .0646 ,2888 .2692 .00 -.02
276000 .0844 ,0772 .0675 .0714 .2869 .2682 .00 -.02
301000 .0948 .0868 .0762 .0807 .2845 .2671 .00 -.02
325000 .1056 .0974 .0852 ,0902 .2822 .2653 .00 -.02
351000 .1178 .1090 .0947 ,1007 .2800 .2645 .00 -.03
375000 .1304 .1218 .1050 .1127 .2770 .2625 .00 -.03
400000 .1444 .1344 .1163 .1237 .2740 .2609 .00 -.04
425000 .1608 .1496 .1298 .1390 .2695 .2582 -.01- -.04
448000 .1768 .1654 .1430 ,1537 .2650 .2557 -.01 -.04
475000 .1968 .1848 .1598 .1714 .2594 .2528 -.01 -.04
500000 .2208 .2074 .1808 .1951 2515 .2478 -.01 -.05

62.
COLUMN 8321.
OBSERVED DATA.
(Continued )
.
Total Extensoraeter Readings. Lat. Expansion. Lat. Def,
Loads. Inches. Readings. Ins. Inches.
lbs. 1 N.¥. 1 S.W. 2 S « E
.
2 N.E. E.W. N.S. K.E. S.E
525000 .2506 .2378 .2055 ,2214 .2422 .2407 -.01 -.07
550000 .2787 .2654 .2294 .2475 .2315 .2320 -.01 -.08
576000 .3204 .3102 .2659 .2867 .2125 .2172 -.02 -.10
600000 .3942 .3528 .3270 .3481 .2005 .2125 -.02 -.16
12000 .1764 .1488 .1518 .1513 .2395 .2330 -.01 -.08
103000 .2150 .1794 .1690 .1814 .2400 .2365 -.01 -.08
202000 .2554 .2218 .2075 .2224 .2281 .2270 -.01 -.11
295000 .2938 .2604 .2401 .2571 .2150 .2175 -.01 -.13
400000 .3342 .2976 .2755 .2934 .1990 .2065 -.02 -.14
503000 .3756 .3358 .3105 .3314 .1825 .1925 -.02 -.16
600000 .4326 .3800 .3605 .3815 .1555 .1660 -.02 -.19
450000 .4092 .3640 .3414 .3605 .1645 .1720 -.02 -.19
305000 .3750 .3264 • 3105 .3760 .1730 .1775 -.02 -.18
160000 .3180 .2750 .2645 .2780 .1920 .1921 -.02 -.15
12000 .2070 .1710 .1720 .1760 .2288 .2275 -.01 -.10
112000 .2500 .2110 .2020 .2140 .2280 .2288 -.01 -.12
210000 .2950 .2 620 .2410 .2560 .2135 .2167 -.02 -.14
290000 .3300 .2890 .2710 .2880 .2010 .2075 -.02 -.15
400000 .3750 .3300 .3090 .3290 .1825 .1928 -.02 -.17
495000. .4120 .3610 .3410 .3590 .1675 .1310 -.02 -.19
600000 .4650 .4010 .3860 .4030 .1920 .1563 -.03 -.22

63
COLUMN 8321.
OBSERVED DATA.
(Continued)
.
Total Extensometer Readings. Lat. Expansion. Lat. Def.
Loads. Inches. Readings. Ins. Inches.
Ifcs. 1 N.W. 1 s.w. 2 S.E. 2 N.E. E.W. N.S. N.E. S.E
450000 .4400 .3840 .3660 .3830 .1500 .1615 -.03 -.21
300000 .3960 .3410 ,3310 .2450 .1610 .1695 -.02 -.19
148000 .3400 .2880 .2810 .2940 .1823 .1903 -.02 -.17
12000 .2270 .1830 .1940 .1940 .2195 .2210 -.01 -.11

64
COLUMN 8321.
COI'^PUTHD DATA,
Unit
Loads,
.bs. per.
s q . in
.
Unit
Longitudinal
Deformat ions
.
Inches.
Unit Lateral
Deformations.
Inches.
E.W. N.S.
660 .000000 .0000000 .0000000
230 .000038 .0000090 .0000016
460 .000109 .0000171 .0000016
670 .000155 .0000187 .0000000
890 .000214 .0000465 .0000041
1110 .000279 .0000384 .0000122 -'h
1350 .000348 .0000539 .0000153
1550 .000422 .0000775 .0000245 rio
1780 .000499 .0000939 .0000326
1980 .000574 .0001007 .0000408 & T
2200 .000664 .0001290 .0000474
2440 .000751 .0001445 .0000555
2660 .000846 .0001640 .0000645
2870 .000946 .0001830 .0000791
2110 .001056 .0002005 ,0000855
3320 .001177 .0002255 .0001020
3 540 .001297 ,0002500 .0001150 1 ^'
3760 .001448 .0002865 .0001150
3860 .001572 .0003230 .0001575
4200 .001782 ,0003690 .0001810 1 '
<-
.
-
4420 .002010 .0004330 .0002220
J

65
COLTBOT 8321.
COMPUTED DATA.
(Cent inued
)
Unit
Loads.
l"bs. per
sq. in.
Unit
Longi tudinal
Deformations
.
Inclies
.
Unit Lateral
Deformations
.
Inches
.
E.W. N.S,
4640 .002288 . 0005090 . 0002800
4870 .002553 • uuuoy rU • UUUo oUU
5080 .002958 . 000 fbdU . UUU4 1 1\J
5320 .003555 . UUUboUU . UUUol.LU
110 .001571 A AA"^ /I "2
910 .001862 AAA% 1 Af\
1790 .002268 . \.i\J\jO .1 rjKJ
2610 .002629 • UUU ( (\J AAAA 7OA
3540 .003002 . uuuo o<c;u A AAP, C-.C\C\• UUUO OUU
4460 .003383 .0009975 .0006730
5320 .003887 .0012170 .0008900
3980 .003 688 .0011440 .0008400 ('.',.,_
2700 .003470 .0010740 .0007950
1410 .002839 .0009180 .0006750
110 .001815 .0006180 .0003880 U
990 .002193 .0006260 .0003780
1860 .002635 .0007440 .0004750
2560 .002945 .0008440 .0005500
3 540 .003358 .0009960 .0006720

COLIBOT 8321.
CQFIPUTED DATA.
(ContintJied.)
Unit Unit Unit Lateral
Loads
•
Its. per
sq. in.
Longitudinal
Deformations
.
Inches.
Defonnations.
Inches.
E.W. N.S.
4380 .003683 .0011200 .0007660
5320 .004138 .0013260 .0009680
3980 .003933 .0012630 .0009250
2650 .003283 .0011730 .0008600
1310 .003008 .0009980 .0006910
110 .001995 .0006960 .0004410

G7.
COLmm 8322.
OBSERVED DATA.
Length, 10 ft. 2 l/4 in. Reinforcement, l/4 in. Spirals
Circumference, 3 ft. 5 in. Gauge length, 100 in.
Age, 62 davs
.
Concrete, 1-1-2.
Total
Loads
.
Ihs.
Extensometer Readings
Inches
.
1 N.W. 1 S.W. 2 S.E.
•
2 N.E.
Lat. Expansion.
Readings. Ins.
E.W. N.S.
Lat. Def.
Inches
.
N.E. S.E.
10500 .0000 .0000 .0000 .0000. .2775 .2709 .00 .00
26500 .0041 .0015 .0015 .0034 .2404 .2668 .00 .00
52000 .0060 .0074 .0072 .0092 .2351 .2677 .00 .00
75000 • 0170 .0132 .0129 .0147 ,2328 .2668 .00 .00
101000 .0242 .0208 .0194 .0211 .2304 .2647 .00 .00
127000 .0322 .0290 .0277 .0284 .2274 .2631 .00 .00
151000 .0372 .0380 .0365 .0348 .2246 .2612 ,00 .00
175000 .0450 .0460 .0454 .0425 .2210 .2589 .00 .00
200000 .0530 .0560 .0565 .0518 .2175 .2558 ,00 .00
226000 .0620 .0662 .06 73 .0614 .2130 .2520 ,00 .00
250000 .0720 .0778 .0790 .0717 .2092 .2483 ,00 .00
275000 .0835 .0905 .0911 . 0831 .2046 .2436 .00 .00
300000Ci/ V/ V/ V/ .0970 .1055 .1062 .0977 .1987 .2369 -.01 .00
329000 .1172 .1268 .1275 .1184^ .1894 .2240 -.02 .00
350000 .1360 .1462 .1466 .1365 .1675 .2147 -.02 .00
375000 .1612
,
.1732 .1727 .1626 .1506 .1988 -.03 .00
400000 .2010 .2145 .2125 .2029 .1202 .1699 -.04 -.02
425000 .2532 .2668 .2621 .2524 :0923 .1264 -.07 -.05
450000 .3250 .3415 .3312 .3247 .0261 .0692 -.09 -.08
450000 Initial readings. .2603 .2945

68.
COmm 8322.
OBSERVED DATA.
(Continued )
.
Total
Loads
.
lbs.
Extensometer Readings.
Inches
.
1 N.W. 1 S.W. 2 S.E. 2 N.E.
Lat. Expansion.
Readings. Ins.
E.W N.S.
Lat. Def.
Inches.
TT.E. S.E.
475000 .4150 .4388 .4209 .4137 .1933 .2361 -.12 -.13
505000 .5910 .6160 .5663 .5723 .0055 .1235 -.22 -.25
505000 Initial readings. ,2799 .2430
525000 .7200 .7380 .6474 .6738 .1858 .1669 -.32 -.36
550000 .8980 .9040 .7615 .8121 .0525 .0575 -.42 -.54
550000 Initial readings, .2965 .2890
575000 1.1570 1.1890 .9174 .9824 .1598 .1492 -.66 -.88
583000 1.3760 1.3940 .9974 1.0675 .0751 .0243
10500 .9540 1.2500 .7050 .7490
583000 Maxirm-im load.

69.
COLUrm 8322.
CQJ?PUTIi!D DATA.
Unit Unit Unit Lateral
Loads. Longitudinal Deformations,
lbs. per Deformations. Inches.
sq. in. Inches. E.W. N.S.
90 .000000 .0000000 .0000000
230 .000026 .0003010 .0000335 111 V
460 .000074 ,0003460 .0000261
670 .000145 .0003650 .0000360
890 .000214 .0003840 .0000507 VM
1110 .000293 .0004090 .0000638
1350 .000366 .0004310 .0000792
"
1550 .000477 .0004600 .0000980
17 70 .000543 .0004900 .0001235
J ,
,
2000 .000642 .0005260 .0001545
2210 .000751 .0005575 .0001850
2430 .000875 .0005950 .0002230 it
2650 .001016 .0006430 ,0003 780
2880 .001225 .0007200 .0003830 {i 1 ^
3100 .001413 .0009000 .0004590
3320 .001674 .0010370 .000590
3640 .002077 .0012850 .0005250 1 1>
3760 .002586 .0015100 .0011500
3980 .003306 .0020400 .0016500
4200 .004221 .0026000 .0021200

70
COLmm 8322.
COJCPUTED DATA.
(Continued)
Unit
Loads.
l"bs. per
sq. in.
4450
4640
4870
5080
5100
90
Unit
Longi tud inal
Deformations.
Inches.
.005864
.006948
.008439
.010614
.012087
.009150
Unit Lateral
Deformations.
Inches
.
E.W.
•0046600
.0054500
.0073000
.0084000
.0102100
N.S.
,003 5200
.0041400
.0056600
.0068000
.0079850

71.
COLmOT 8323.
OBSERVED DATA.
Length 10 ft. 2 in.
Circiunference, 3 ft. 5 l/2 in.
Age, 6 5 days.
Reinforcement, l/4 in. Spiral.
Gattge length, 100 in.
Concrete, 1-1-2.
Total
Loads
.
ITds .
Extensoraeter Readings*
Inches
.
1 N.W. 1 S.W. 2 S.E. 2 N..E.
Lat. Expansion.
Readings
.
E.W. N.S.
Lat. Def.
Inches
.
N.E. S.E
7000 .0000 ,0000 . .0000 .0000 .2739 .2439 .00 .00
26000 .0048 .004 5 .0031 .0042 .2741 .2431 .00 ,00
50000
.0092 .0098 .0092 .0080 .2729 .2433 .00 .00
"75000
.0142 .0146 .0166 .0155 .2715 .2441 .00 .00
100000
.0202 .0190 .0249 .0258 .2692 .2441 .00 .00
126000 .0269 .0246 .0330 .0351 .2667 .2339 .00 .00
151000
.0332 .0305 .0420 .0448 .2646 .2435 .00 .00
175000
.0400 .0356 .0510 .0545 .2627 .2424 .00 .00
200000A>V V/ V/ .0484 .0440 .0613 .0655 .2609 .2412 .00 .02
225000
.05 72 .0537 .0731 .0770 .2589 .2398 .00 .02
250000
.0640 .0847 .0889 O K K
. <5 D n D . tio f O . 02 . Oo
275000
.0790 .0758 .0995 .1031 .2500 . .2337 .02 .03
300000
.0925 .0908 .1168 .1200 .2431 .2273 .02 .03
325000
.1100 .1105 .1371 .1406 .2332 .2164 ,02 .05
350000 .1310 ,1330 .1619 .1638 .2199 .2054 .02 .05
375000
.1592 .1648 .1952 .1938 .1942 .1810 ,02 .06
400000 .2000 ,2095 .2420 .2381 .1555 .1419 .02 .06
425000
.2600 .2740 .3055 .2445 .0893 .0879 .02 .06
450000
.3300 .3 530 .3776 .2445 .0199 .0193 -.02 .05
450000 Initial reading. .2330 .2040

72.
COLUMN 8323.
OBSERVED DATA.
(Continued)
Total
Loads,
lbs.
Bxtensonieter Readings
Inches.
1-N.W. 1 S.¥. 2. S.E.
•
2 N.E.
Lat. Expansion.
Readings. Ins,
E.W. N.S.
Lat. Bef.
oil C2 »;:> •
N.E. S.E.
475000 .4250 .4510 .4886 .2445 .1360 .1180 -.06 .00
500000 .5400 .5400 .5990 .2445 .0119 • 0114 -.12 -.06
500000 Initial reading. .2505 .2230
525000 .6760 .5460 .7235 .0045 .1320 1.1370 -.22— .14
551000 .8380 .5710 .8450 .0121 .9590 .9830 -.32 -.24
575000 1.0370 .7280 .7990 .0110 -.40 -.34
598000 1.0900 1.3400 .8889 - .0140 -1.00 -.90
598000 Maximum load.

73,
COLTO'TN 8323.
DATA.
Unit
Loads
.
^ 9 I J w 1
rsq, in.
Unit
Longitudinal
"ne"rorTiat i on
.
Inches
.
Unit Lateral
Deformati on.
Inches.
E.W. N.S.
60 .000000 .0000000 .0000000
230 .000042 -.0000016 .0000065
440 .000091 .0000082 .0000049
670 .000152 .0000114 -.0000016
890 , .000225 .0000383 -.0000016
1120 .000299 .0000585 -.0000000
1340 .000374 .0000765 .0000033
1550 .000453 .0000915 .0000122
1770 .000548 .0001060 .0000221
1990 .000653 .0001220 .0000334 IT'
2210 .000762 .0001500 .0000540 lu^o
2430 .000894 .0001950 .0000835
2650 .001050 .0002505 .0001355
2870 .001246 ,0003320 .0002250
3100 .001474 0004 500 0003140
3320 .001782 .0006500 .0005075
3540 .002244 ,0009610 .0008350
3760 .002827 .0014300 .0012750
3980 .003538 .0020700 .0018300
4200 .004568 .0028600 .0025000 r ' \

74.
COLUMN 8323.
COT;IPUTED DATA.
(Continued)
Unit
Loads
.
lbs. per
sq. in.
Unit
Longitudinal
Deformation.
Inches.
Unit Lateral
Deformation.
Inches.
E.W. N.S.
4420 .005695 .0046 600 .0034000
4640 .006997 .0056500 .0042000
4880 .008415 . .0080000 .0054500
5080 .009180
5300 .009894

75
comm 8331.
OBSERVED DATA.
Length 10 ft. 1 l/2 in. Reinforcement, s/s in. Spiral.
Circiunference, 3 ft. 6 in. Gauge length, 100 in.
Age, 60 days. Concrete, 1- J. <j
.
1 uaj.
Loads
.
± DS .
Extensoraeter Readings
Inches.
1 IT.W. 1 S.W. 2 S.E. d .ill.
Lat. Expansion.
Readings. Ins.
E.W. N.S.
Let. Def.
Inches
.
N.E. S.E.
DOUU .0000 .0000 .0000 . UUUU .2449 .2641 .00 .00
.0025 .0022 .0021 . uuo f ,2447 .2637 .00 .00
,0070 .0065 .0083 . UUOo .2447 ,2636 .00 .00
/ DUUU .0110 .0108 .0142 .2446 ,2632 .00 .00
XUiUUU .0172 .0160 .0182 .2441 .2625 .00 .00
.0242 .0226 .0227 .2434 .2616 .00 .00
.0320 .0290 .0267 • uouo .2429 .2607 .00 .00
.0374 .0348 .0312 . UO f X .2413 .2594 .00 .00
.0446 .0408 .03 62 .2403 .2580 .00 .00
.0524 .0465 .0417 Or T Q .2390 .2 573 .00 .00
.0596 .0530 .0471 . uoyo .2377 .2555 .00 .00
/& f ouuu .0678 .0598 .0536 rxc ta• 'JO fV .2362 .2553 .00 .00
<&youuu .0769 .0662 .0593 .0744 .2344 .2540 .00 .00
326000 .0862 .0750 . .0673 .0844 .2322 .2529 .00 .00
354000 .0980 .0845 .0761 .0952 .2303 .2514 .01 -.01
376000 .1092 .0934 .0837 .1047 .2271 .2495 .02 -.01
400000 .1200 .1028 .0921 .1147 . 2240 .2478 .02 -.01
426000. .1314 .1126 ,1012 .1254 .2210 .2451 .02 -.01
450000 .1435 .1232 .1105 .1368 .2175 .2435 .02 -.03
475000 .1560 .1340 .1202 .1481 .2140 .2419 .03 -.03

76..
COLIBIN 8331.
OBSERVED DATA.
(Continued )
.
Total Extensometer Readings. Lat, Expansion. Lat. Def.
Loads. Inches. Readings. Ins. Inches.
lbs
.
1 N.W. 1 S.W. 2 TT.E. E.W. N.S. N.E. S.E.
500000w \y vy V/V v/ .1 704 . 1472 .1319 .1624 .2099 .2394 . 03 -.04
525000 .1860 .1610 . 1412 .1761 .2055 . 2369 ,03 - .04
550000 • 2045 .1778 .1551 .1927 . 1998 ,2333 ,03 -.05
575000 • 2256 .1965 .1628 .2100 .1925 . 2283 ,04 -.06
600000vy V/v/ v/ .2492 • 2190 .1620 .2317 .1349 .2229 ,03 -.09
445000 • 2280 .1952 .1375 ,2122 .1865 . 2233 , 03 -.07
300000vy V/ vy vy ^y .1960 . 1 652 . 1078 ,1823 .1948 .2279 . 03 -.06
1 50000^ ly yy vy vy vy .1540• ju \y • vy ,1265 .0712 .1406 . 2105 ,2355 .02 -.05
6700w » Vy vy .0770• V * r vy . 0658• ^-J \J \-i . 0175 . 0682 • 2244 . 2426 .01 -.02
13000 . 1014 .0842 .0277 . 0885 .2130 .2452 . 70 -.54
100000vy vy vy vy vy • 1252 .1078• JL vy r vy . 0523• vy vy *v*.y . 0990• vy •/ ^y vy . 2380 . 2458 . 70• » vy -.54
201000/V ^y «i* vy vy vy .1575• ^ r vy .1398 . 0818• vy vy .1199 .2331 .2442 . 70 -.54
295000 .1860 .1678 ,1074 .1356 .2281 .2384 ,60 -.54
401000 .2174 .1995 .1363 .1665 .1928 .1348 . .70 -.56
500000 .2506 .2310 .1626 .1982 .1885 .1296 .70 -.56
601000 .2940 .2744 .1628 .2375 .1818 ,1191 .72 -.62
451000 .2752 .2548 . 1335 .2204 .1871 ,2214 .70 -.62
300000 .2434 .2235 .1084 .1912 .1966 .2248 .70 -.60
150000 .2008 .1826 .0687 .1465 .2345 .2380 .70 -.60
6500
"
.1248 .1120 .0072 .0763 .2275 .2458 .70 -.58

COLmOJ 8331.
OBS32RVED DATA.
(Continued)
.
Total Extensometer Readings.
Loads. Inches.
Lat. Expansion.
Readings. Ins.
lbs. 1 N.W. 1 S.W. 2 S.E. 2 N.E.
6500 .0000 .0000 .0000 .0000
27000 .0068 .0052 .0081
51000 .0200 Initial reading.
51000 .0200 .0165 .0143 .0216
75000 .0298 .0262 .0245 .0363
101000 .0410 .0370 .0353 .0514
127000 .0518 .0475 .0455 .0660
151000 .0622 .0576 .0555 .0804
176000 .0725 .0680 .0655 .0845
202000 .0832 .0780 .0752 .0946
221000 .0912 .0858 .0825 ,1050
234000 .0968 .0912 .0870 .1124
250000 ,1020 .0974 .0940 .1197
276000 .1132 .1070 .1043 .1328
301000 .1216 .1165 .1125 .1457
322000 .1310 .1246 .1204 .1569
351000 .1435 .1318 .1320 .1720
376000 Maximum load.
S.W. .s.
Lat. Pef.
Inches
.
N.E. S.E.
llo readin's;.' taken.

78.
coLurer 853 1.
COMPUTED DATA.
Unit Unit Unit Lateral
Loads. Logitudinal Deformation,
lbs. per Deformation. Inches.
D L| • 111. XiiL/J i-C is . Til W
onoooo 0000000 0000000
nooopfi 000001
A
9 \J\J\J\J\J%J f-j
OOOOOl
6
C\C\C\C\C\A.O
• Vy Wv/W^y^
0001 2S 00000P4
• Vy^yWvVy f «J
0001 7Q 000006 S
• \y V/ vyv> V/ <J 00001 "^0
X X XV OOOP'^7 ooom pp OOOOPO"^
1 "^40 OOOPQ 6 onool 6P 0000P76
OOfi'^'^l OOOOPQP OOOO"^*!?
1 7 70 00041
4
0000*^74 00004C)p,
1 QQO 0004R1
• VyWWt ox nnoo4 7Q OOOOf^ RP
<y ^ -L. 000^148 OOOORRR 0000690
<C/ *T V/ OOOfiPl 0000706 000071
noooR'^4 OOOORP1
. \J\JKJ\JOta X
2880 .000782 .0001032
.
.0000912
3130 .000885 .0001188 .0001030
3330 .000978 .0001445 .0001185
3540 .001074 .0001698 .0001324
3770 .001177 .0001940 .0001542
3980 .001285 .0002225 .0001673
4200 .001396 .0002510 .0001804
4420 .001530 .0002840 .0002005

79.
COLUMN 8331.
COMPUTED DATA.
(Continued)
Unit Unit Unit Lateral
Loads
.
Longitudinal Deformati on.
lbs. per Deformation. Inches.
sq. in. Inches. E.W. N.S.
4640 .001661 ,0003200 .0002205
4870 ,001825 .0003370 ,0002500
5080 .001985 .0004260 ,0002905
5320 .002254 .0004870 ,0003360 f iir
3940 .002037 .0004740 .0003315
2650 .001738 .0004070 .0002940
1340 .001336 .0002795 .0002320
60 .000670
1X5 .000864
S90 .001034
1780 .001299
2610 .001517
3540 .001330
4420 .002146
5330 .002575
3990 .002376
2650 .001916
1340 .001656
60 .000942

COmW 8331. (STRIPPED)
COICPUTEJ; DATA,
Unit Unit Unit Lateral
Loads. Longitudinal Deformation,
lbs. per Deformations. Inches,
sq. in. inches. E.W. N.S
60 .000000
240 .000075 No readings taken.
450 ,000191
670 ,000313
890 .000442
1120 .000568
1350 .000690
1560 .000763
1790 .000863
1950 .000954
2070 .001018
2210 .001086
2440 .001199
2660 .001311
2850 .001408
3110 .001519

81.
COLTOW 8332.
OBSERVED DATA.
Length, 10 ft. 2 in. Reinforcement s/s in. f?piral.
Circiunf erence, 3 ft. 6 in. Gauge length, 100 in.
Age, 66 clays. Concrete, 1-1-2.
Total Extensometer Readings. Lat. Expansion. Lat. Def.
Loads. Inches. Readings. Ins. Inches,
lbs. 1 N.¥. 1 S.W. 2 S.E. 2 N.E. E.W. TT.S. TT.E. S.E.
9000 .0000 .0000 .0000 .0000 ,2398 .2721 .00 .00
26500 ,0200 Initial reading.
26500 .0034 .0200 ,0018 .0045 .2396 .2718 .00 .00
52000 .0080 .0234 .0061 .0101 .2399 .2709 .00 .00
76000 .0154 .0282 .0117 .0163 .2398 ,2700 .00 .00
101000 .0194 .0336 .0174 .0233 .2393 ,2692 .00 .00
128000 .0260 .0388 .0244 .0308 ,2398 .2698 .00 .00
151000 .0318 .0430 .0295 .0382 .2382 .2687 .00 .00
175000 .0388 .0480 .0352 .0462 .237 7 .2680 .00 .00
201000 .0460 .0535 .0418 .0541 .2348 .2672 .02 .00
225000 .0535 .0594 .0483 .0620 .2320 .2658 .02 .00
255000 .0625 .0668 .0556 .0719 .2291 .2636 .03 .00
277000 .0700 .0730 .0637 .0805 ,2266 .2614 .03 .00
301000 .0784 .0798 .0718 .0893 .2251 .2594 .03 .00
325000 .0880 .0874 ,0799 .0999 ,2225 . ,2572 . .03 .00
350000 .0980 .0952 .0895 ,1113 .2199 .2537 .04 .00
376000 .1088 .1040 .1012 .1239 ,2169 .2500 .04 .00
402000. .1200 .1130 .1095 .1320 ,2139 .2460 .04 ,00
425000 .1318 .1220 .1200 .1516 ,2105 .2370 .06 .00
451000 .1454 .1322 .1325 .1680 ,2059 .2368 .07 .00

COLUJm 8332.
OBSERVED DATA.
(Continued)
Total Ext ens ometer Readings. Lat. Expansion. Lat . Def.
Loads
.
lbs. 1 N.W.
Inches
.
1 S.W. 2 S.E. 2 N.S.
Readings
.
E.W.
Ins
.
N.S,
In ches
.
IT.E. S.E.
476000 .1622 .1445 .1462 .1870 . 2000 . 2309 .08 .00
500000 .1800 .1568 .1615 .2081 .1930 .2225 .10 .00
525000 .2048 .1725 .1792 .2352 ,1850 ,2145 .10 .00
551000 .2310 .1905 .1997 .2649 .1750 • 2027 .12 ,01
575000 .2600 .2095 .2237 .3005 ,1638 .1905 .16 ,01
600000 .3010 .2360 . 2531 .3450 ,14 50 .1712 .20 .01
625000 .3490 .2690 .2882 .3991 .1290 .1509 .26 .01
600000 .3560 .2710 .2930 .4070 .1260 , 1467 .26 .01
507000 .3415 .2560 .2830 • 3915 .1290 ,1485 .27 .01
402000 .3195 .2350 .2640 .3665 .1328 ,1572 .26 .01
300000 .2940 .2115 .2420 .3385 .1420 ,1648 .26 . .01
200000 .2640 .1855 .2139 .3053 ,1520 ,1745 .23 .00
102000 .2294 .1535 .1775 .2596 .1630 .185 5 .22 .00
11000 .1535 .1060 .1210 .1760 .1955 .2105 .16 .00
101000 .1840 .1225 .1405 .2128 .1930 ,2092 .10 .00
198000 .2280 .1234 .1721 .2560 .1815 .1985 .20 .01
301000 .2610 .1245 .2105 .3005 .1700 .1865 .22 .01
404000 .2970 .1275 .2355 .3399 .1608 .1733 .24 .01
501000 .3320 .1290 ,2652 .3782 .1480 .1625 .25 .01
600000 .3790 .1300 .3041 .4317 .1260 .1401 .32 .01
625000 .4020 ,1310 .3220 .4581 .1159 .1299 .33 .01
595000 .4060 .1310 .3232 .4595 .1150 .1340 .34 .01

83.
COLUJiTN 8332.
OBSERVED DATA.
(Continued)
To t al
Loads
.
lbs.
Extensometer Readings
Inches.
1 N.¥. 1 S.W. 2 S.E.
#
2 NtE.
Lat. Expansion.
Readings. Ins.
E.W. N.S.
493000 .3860 .1100 .3073 .4391 .1189 .1330
300000 .3390 .0665 .2695 .3872 .1336 .1482
198000 .3060 .0380 .2389 .3505 .1450 .1595
98000 .2610 .0050 .1987 .2980 .1603 .1708
11000 .1875 .1402 ,2092 .1375 .1955
11000 .0200 .0000 .0000 .0000 .2546 .2650
25000 .0260 .0018 .0054 .0071 .2535 .2633
51000 .0404 .0108 .0192 .0242 .2501 .2583
77000 .0561 .0210 .0362 ,0413 .2450 .2515
102000 .0725 .0340 .0562 .0591 .2398 .2435
126000 .0860 .0448 .0730 .0745 .2340 .2359
151000 .1000 .0555 .0900 .0905 ,2297 .2258
176000 .1156 .0662 .1062 .1054 .2230 .2154
201000 .1290 .0774 .1227 .1207 .2159 .205 5
225000 .1430 .0880 .1390 .1354 .2083 .1942
251000 .1570 .1008 .1555 .1507 .2018 .1830
275000 .1710 .1100 ,1714 .1560 .1950 .1689
300000 ,1860 .1210 .1881 .1819 .1880 .1545
324000 Maxiinura load after slipping.
625000 Maximum load.
Inches.
N.E. S.E.
.33 .01
.32 .01
.30 .01
.30 .01
.20 .01

84.
COLIBCN 8332.
COltPUTED DATA.
Unit
Loads
.
."bs. per
sq. in.
Unit
Longitudinal
Deformation.
Inches.
Unit Lateral
Deformation.
Inches.
E.¥. IT.S.
80 .000000 .0000000 .0000000
230 .000026 .0000016 .0000024
460 .000071 - . 0000081 .0000097
670 .000136 . 0000000 .0000170
890 .000184 .0000041 .0000234
1130 .000252 .0000073 .0000259
1340 .000307 .0000129 .0000265 I'' 1
1550 ,000370 .0000170 .0000332
1780 .000439 .0000405 .0000396
1990 .000509 .0000631 .0000510
2260 .000591 .0000865 ,0000687 11'^
2450 .000669 .0001069 .0000865 m
2660 .000751 .0001190 .0001025
2870 .000840 .0001400 .0001205
3100 .000938 .0001610 .0001445
3310 .001046 .0001855 .0001785
3550 .001148 .0002100 .0002110 1 1 1 f
3760 .001259 .0002370 .0002840
4000 .001390 .0002740 .0002850 '> 1 '1 '.'
4200 .001541 .0003220 .0003400
4420 .001708 .0003790 .0004000

COLUMN 8332.
COMPmm DATA.
(Continued)
Unit Unit " Unit Lateral
Loads
.
lbs. per
sq. in.
Longitudinal
Deformati ens
.
Inches
.
Defor ma. t ions
.
Inches.
E.V/. N.S.
4640 ,001920 .0004430 .0004 650
4860 .002254 .0005250 .0005 600
5080 .002419 • .0006150 .0006600
5320 .002771 .0007650 .0008150
5530 .003186 .0008950 .0009800
5320 .003245 .0009200 .0010150 Ht'
4500 .003123 .0008950 .0010000
3560 .002918 .0008650 .0009280
2650 .002680 .0007900 .0009480 '..MO
1770 .002390 .0007100 .0007890
900 .002035 .0006210 .0007000
100 .001373 -0003 510 - 0004980
890 ,001623 .0003780 .0005040
1750 .002001 .0004710 .00059 50
2660 .002358 .0005650 .0006920 ' \ \ '
3560 .002663 .0006400 ,0007990 1
4420 .002991 .0007420 .0008850 ( ' W
5320 .003416 .0009200 .0010650 -'V')
5530 .003620 .0010000 .0011500
5260 .003646 .0010100 .0011170
4360 .003467 .0009760 .0011220

COLmOT 8332.
C0J.?PUTJ3D DATA.
(Continued
)
Unit Unit Unit Lateral
Loads Longitudinal Deformations,
lbs. per Deformations. Inches.
sq. in. Inches
.
E.W. N.S.
3480 .003273 .0009350 .0010670
2650 .003043 .0008580 .0010000
1760 .002725 .0007670 .0009100
865 .002298 .0006450 .0008190
100 .001639 .0004230 .0006200
Column stripped of spiral and test continued.
100 .000000 .0000000 .0000000
220 .000051 . 0000089 .0000137
450 .000187 .0000364 .0000542
680 .000337 .0000776 .0001082
900 .000505 .0001200 .0001740
1110 .000646 .0001670 .00023 50
1340 .000790 .0002080 .0003170
1550 .000934 .0002550 .0004000
1780 .001075 .0003130 .0004820
1990 .001214 .0003760 .0005725
2220 .001360 .0004270 .0006625
2430 .001496 .0004820 .0007770
2650 .001643 .0005400 .0008925
2870

COLUTflT 8361.
OBSERVED DATA.
Length, 10 ft. 2 l/2 in. Re i nf orcein en t , No. 7 Spiral.
Circumference, 3 f t . 4 l/4 in. Gauge length, 100 in.
Age, 65 davs. Concrete, 1-2-4.
Total
Loads
.
lbs. 1 N.W.
Extensometer Readings.
Inches
.
1 S.W. 2 S.E. 2 N.E.
Lat. Expansion.
Readings. Ins.
E.W. H.S.
6500 .0000 .0000 .0000 .0000 .2017 .2340
22500 .0035 . 0023 .0058 .0038 .2016 .2333
42000 .0082 .0077 .0108 .0096 .2010 .2326
60500 .0135 .0101 .0170 .0136 .2002 .2318
80500 .0200 .0153 .0242 . 0204 .1997 .2304
100000 .0266 .0211 .0312 .0286 .1991 .2300
121000 .0351 .0286 .0396 .0374 . .1981 .2286
141000 .0438 .0361 .0500 .0462 .1970 .2274
181000 .0639 .0531 .0712 .0674 .1938 .2238
200000 .0752 .0620 .0834 .0796 . .1916 .2217
.0764 .1034 . 0976 . .1877 .2170
240000 .1120 .0831 .1235 .1186 .1819 .2110
260000 .1439 .1130 .1592 ,1526 .1675 .1959
290000 .2071 .1850 .2405 .2268 .1165 .1400
320000 .2070 .2940 .3576 .3350 ,.0295 .0439
350000 .2130 .4732 .5435 .4886
375000 .8700 .7600
377000 Maximum load
.

COLUMN 8361.
COI£PUTED DATA.
Unit Unit Unit Lateral
Loads. Longitudinal Deformation,
lbs. per Deformation. Inches.
sq. in. Inches
.
E.W. N.S.
60 .000000 .0000000 .0000000
200 .000039 .0000009 .0000058
370 .000091 .0000056 .0000115
540 .000136 .0000124 .0000181
710 .000200 .0000165 .0000256
890 .000269 .0000214 .0000330 I'l
1070 .000352 .0000297 .0000445 3-7/
1250 .000440 .0000388 .0000545
1600 .000639 .0000650 .0000840
1770 .000751 . .0000832 .0001010
1940 .000924 .0001160 .0001400
2120 .001093 .0001630 ,0001890 '< i.- o
2300 .001442 .0002820 .0003140
2560 .002149 .0007020 .0007750
2830 .002467 .0014200 .0015700
3100 .003763
3320 .008200
3340

89.
COLUI.m 8362.
OBSERVED DATA.
Length, 10 ft. 3 in. Re inforcein ent , No. 7 Spiral.
Circumference, 3 ft. 4 l/4 in. Gauge length, 100 in.
Age, 67 days. Concrete, 1-2-4.
Total Extensometer Readings. Lat. Expansion.
Loads. Inches. Readings. ins.
lbs. 1 N.W. 1 S.W. 2 S.E. 2 11. E. E.W. U.S.
6500< .0000 .0000 .0000 .0000 .1707 .1269
26000 .0024 .0055 .0058 .0041 .1701 .1266
54500 .0067 .0149 .0158 .0113 .1695 .12 69
76000 .0144 .0223 .0242 .0172 .1691 .1271
100000 .0222 .0318 .0328 .0235 .1688 .1270
125000 .0324 .0426 .0411 .0313 .1679 .12681.
150000 .0423 .0439 .0518 .0406 .1665 .1258
174000 .0514 . 06 53 .0642 .0506 .1642 .1241
200000 .0629 .0809 .0782 .0634 .1609 .1210
226000 .0761 .1000 .0987 .0693 .1566 .1160
250000 .0925 .1195 .1225 .0701 .1479 .1056
275000 .1180 .1510 .1556 .0702 .1297 .0900
300000 .1266 .2019 .2075 .0705 .0890 .0485
325000 .1330 .2700 .2'765 .0805 .0185 .0046
350000 .1264 .3 539 .3604 .1550
372000 .1301 .4210 .4874 .2584
397000 1.1200 .4100
415000 Maxiimam load
.

yu
.
coLmm 8362.
C0I.«PUTED DATA.
Unit
Loads.
X U S . C J
sq. in.
Unit
Longitudinal
Tlpf nfrnfif i on s .
Inches.
Unit Lateral
Deformations
.
Inches.
E.W. N.S.
60 .000000 .0000000 .0000000
230 .000045 .0000049 -.0000017
480 .000127 .0000099 -.0000047
670 .000195 .0000132 -.0000058
890 .000276 .000015 7 -.0000050
1110 .000369 .0000231 -.0000033
1340 .000472 .0000346 .0000050
1540 .000579 .0000536 .0000190
1770 .000714 .0000808 .0000455 iv
2000 .000860 .0001162 .0000655 J i.'a
2210 .001012 .0001880 .0001720 ^
2430 .001237 .0003380 .0003000
2650 .001521 .0007500 .0006402
2870 .001900 . .0012600 .0010000
3100 .002494
3280 .003242
3500 .007650
3670

91.
COmOT 8363.
OBSERVED DATA.
Length, 10 ft. 2 in. Reinforcement, No. 7 Spiral
Circumference, 3 ft, 3 l/2 in. Gauge length, 100 in.
Age, 59 days. Concrete,
Total Extensometer Readings. Lat. Expansion. Lat. Def.
Loads. Inches. Readings. Ins. Inches.
lbs. 1 N.W. 1 S.W. 2 S.E. 2 N.E. E.¥. N.S. N.E. S.E
9000 .0000 .0000 .0000 .0000 .2515 .2451 .38 .00
25000 .0049 .0050 .0046 .0042 .2512 .2447 .38 .00
50000 .0115 .0145 .0140 .0110 .2508 .2445 .38 .00
76000 .0200 .0262 ,0259 .0192 .2500 .2444 .37 .00
100000 .0293 .0395 .0388 .0290 .2494 .2444 .36 .02
125000 .0425 .0553 .0540 .0422 .2493 .2444 .36 .02
150000 .0601 .0757 .0743 . .0695 .2475 .2425 .36 .02
175000 .0835 .1049 .1005 .0830 .2389 .2373 .34 .04
200000 .1317 .1610 .1520 .1300 .2121 .2123 .30 .06
225000 .2057 .2435 .2330 .2070 .1520 .1548 .30 .08
250000 .3100 .3572 .3440 .3145 .0697 .1068 ,22 .16
250000 Initial reading, .2703 .2668
275000 .4357 .4808 .4228 .3780 .2005 .2230 .16 .24
300000 .6235 .6740 .4975 .5590 .0410 .0887 .04 .48
317000 .8410 .8990 .7500 .6490 .2790 .2659 -,14 ,80
317000 Maximum load.

COLlJjm 8363.
COMPOTED DATA
Unit Unit
Loads. Longitudinal
lbs. per Deformations,
sq. in. Inches.
80 .000000
220 .000047
440 .000128
670 .000228
890 .000342
1110 .000485
1340 .000699
1550 .000930
1770 .001437
1990 . .002223
2210 .003314
2430 .004293
2 650 .005885
2800 .007848
Unit Lateral
Deformations
•
Inches
.
E.W. N.S.
.0000000 .0000000
.0000025 .0000033
.0000058 .0000050
.0000123 .0000058
.0000172 .0000058
. 00001 80 • UUUUUbo
.0000320 .0000214
.0001035 .0000643
.0003240 .0002700
.0008180 .0006620
.0014900 .0011400
.0030800 .0015000
.0040000 .0029800

93.
COLmW 8371.
OBSERVED DATA.
Length, 10 ft. 3 l/8 in. Reinforcement, l/4 in. high
steel spiral.
Circuraference, 3 ft. 4 b/b in. Gauge length, 100 in.
Age, 62 days. Concrete, 1-2-4.
Total Extennoraeter Readings. Lat. Expansion.
Loads. Inches. Readings, ins.
I'bs. 1 S. E. 2 N.W. 1 S.W. 2 N.E. E.W. T^T • S •
6500 .0000 .0000 .0000 .0000 .2034 .3479
26500 .0041 .0050 .0048 .0032 .2049 .2383
52000 .0109 .0121 .0099 .0081 .2062 .2383
72000 .0162 .0202 .0179 .0125 .2066 .2381
100000 .0230 .0282 .0253 .0182 .2073 .2396
121000 .029 6 .0360 .0345 .0251 .2072 .2395
140000 .0359 .0429 .0408 .0292 .2076 . 2401
161000 .0432 .0510 .0492 .0319 .207'^ .2400
lolUUO . ri 1
3
. 0600 . 0583 . 0o40 . .2077 .2397
200000 .0599 .0691 .0620 .0431 .2069 .2393
221000 .0711 .0813 .0800 .0542 .2066 .2382
240000 .0839 .0948 .0933 .06 72 .2054 .2366
260000
. .0990 .1113 .1109 .0841 .2021 .2340
280000 .1175 .1304 .1310 .1025 .1972 .2307
300000 .1421 .1563 .1583 .1166 .1850 .2244
320000 .1770 .1920 .1934 .1433 .1639 .2093
340000"
.2199 .2381 .2400 .1861 .1443 .1901
360000 .2199 .2822 .2860 .2171 .1259 .1732
380000 .2922 .3629 .2861 .0915 .1455
603000 Maximum load.

94.
COLUJOT 8371.
COICPUTISD DATA.
Unit Unit Unit Lateral
Loads. Longitudinal Deformations,
lbs. per Deformations. Inches,
s q . In
,
Inches
.
E.W. N.B.
60 ,000000 -.0000000 -.0000000
230 .000043 -.0000125 -.0000033
460 .000103 -.0000228 -.0000033
670 .000167 -.0000261 -.0000163
890 .00023 7 -.0000318 -.0000139
1070 .000313 -.0000310 -.0000130
1240 .000372 -.0000343 -.0000180
1420 .000438 -.0000351 -.0000171
1600 .000509 -.00003 51 -.0000131
1770 .000586 -.0000286 -.0000114
1950 .000717 -.0000262 -,0000024
2150 .000848 -.0000163 ,0000106
2300 .001013 .0000106 .0000318
2480 .001204 .0000506 .0000589
2650 .001433 .0001500 .0001100
2830 .001764 .0003220 .0002340
3000 .002210 .0004820 .0003900
3130 .002618 .0006320 .0005280
3360 .002618 .0006320 .0005280
5330

95.
COLmm 8372.
OBSERVED DATA.
Length, 10 ff . 1 3/4 in.
^
Reinforcement, 1/4 in. Spiral
Circumference, 3 ft. 5 3/4 in. Gauge length, 100 in.
Age, 63 days. Concrete, 1-2-4.
Total Extensomet er Readings. Lat. Expansion.
Loads. Inches. Readings. Ins.
lbs. 1 S.B. 2 N.W. 1 S.W. 2 N.E. E.W. N.S.
6500 .0000 ., .0000 .0000 .0000 .2692 .2331
26000 .0052 .0032 .0040 .0034 .2685 .2326
50000 .0088 .0104 .0122 .0060 .2668 .2326
75000 .0146 .0174 ,0186 .0122 .2644 .2304
100000 .0212 .0240 .0254 .0192 .2615 .2280
124000 .0288 .0312 ,0334 .0260 .2588 .2254
150000 .0370 ,0390 .0416 .0335 .2554 .2225
175000 .0450 .0476 .0510 .0408 .2513 .2186
200000 .0536 .0574 .0612 .0510 .2454 .2136
225000 .0640 .0616 .0734 .0604 .2395 .2075
DUUUU . u / o t? »\J f X/i ?0?5
275000 .0878 .0882 .1022 .0850 .2219 .1950
300000 .0934 .1036 ,1224 .1022 .2096 .1828
325000 .0950 .1268 .1456 .1235 .1929 .1646
350000 .0970 .1604 .1798 .1522 .1699 .1370
375000 .1000 .2008 .2196 .1872 .1390 .1034
400000 .1124 .2484 .2570 .2316 .0959 .0608
425000 .1312 .3040 .3056 .2800 .0430 .0094
425000 Initial Reading. 1.1927 .2185
450000 .1580 .3664 .3582 .3300 1 . 0983 .1790

96.
COLUIKN 8372.
OBSSRVED DATA.
(Cont inued)
.
1 Ota,J. Extensometer Readings. Lat. Expansion.
Loads
.
Inches
,
Readings
.
Ins.
lbs. 1 S.E. 2 N.W. 1 S.W. 2 N.E. E.W. N.S.
475000 .1768 .3734 .4256 ,3910 .8100 .1110
475000 Initial Reading. .2145 .2370
500000 .1800 .3734 .5000 .4578 .0400 ,1860
500000 Initial Reading. .2430 .2400
525000 .2064 .5792 .5252 .0810 .1740
525000 Initial Reading. .2560 .2420
550000 .2064 .6844 .6140 .0660 .1240
550000 Initial Reading. ,2370 . 2310
575000 .2090 .7378 .7146 ,1470 .1110
575000 Initial Reading. ,2640 .1780
600000 .2208 .8148 .7470 ,2170 .0250
600000 Initial Reading. • .1900
610000 .2192 .8596 .7510 ,1730 .1470
610000 .2198 .8946 .7679 .1530 .1370
610000 .2208 Ql "^fi 7ft90
610000 .2200 .9288 .7670
610000 .2190 .9314 .7 760
610000 .2180 .9310 .7776.
6500 ^ — — — — ,2834 .4435

COLUMN 8372.
GQflPUTED DATA.
Unit
Loads
.
lbs. per
sq. in.
Unit
Longl tudinal
Deformations.
Inches
.
Unit Lateral
Deformations
.
inches,
E,W. N.S.
60 .000000 , 0000000 . UUUUUUU
230 ,000039 .0000057 r\r\c\c\c\A'\
440 . 000093 .0000196 . UUUUU<i*t
670 .000157 .0000392
890 .000224 . 0000630
1110 .000298 ,0000850
1340 .000378 ,0001130 , UUUUoOO
1550 .000461 ,0001460 , UUUJ. J. OvJ
1770 .000558 ,0001950 . UUUJL orfU
1900 .000648 ,0002430 uuUfiuyu
2210 .000766 , 0003010
2430 .000908 . 0003870 • UUUO J.UJ.
2650 .001054 .0004870 .0004100
2870 ,001227 .0006230 .0005600
3100 ,001473 .0007860 ,0007850
3320 .001769 .0010620 ,0010600
3540 .002123 ,0014150 ,0013500
3760 .002552 ,0018500 .0018300
3900 .003031 .0026200 ,0021500
4200 .003417 ,0049750 ,0027000

COLUMN 8372.
COMPUTED DATA.
(Continued)
Unit Xkiit Unit Lateral
Loads
.
lbs. per
sq. in.
Longitudinal
Defonnations
.
Inches.
Deformations.
Inches
.
E.W. N.S.
4420 .003778 .0064000 .0031200
4640 .005522 .0077250 .003 6600 (' / ')L i 1
4870 ,006492 .0092750 ,0045300 f . * V'
5080 .007263 .0100000 .0056000
5320 .007809 .0104000 .0068500
5500 .008053 .0107200 .0072000
'<'! L
5500 .008312 .0109000 .0072900
5500 .008413
5 500 . 008479
5500 .008537
5500 .008543
60 .003635

r. r,
COLUMN 8373.
OBSERVED DATA.
Length, 10 ft. 3 in. Reinforceinent, l/4 in. high
steel spiral.
Circumference, 3 ft. 4 1/2 in. Gauge length, 10 in.
Age, 14 days. Concrete, 1-2-4.
Total Extensoraeter Readings. Lat. Expansion.
Loads. Inches. Readings. Ins.
lbs. 1 . S aE. 2 N.W. 1 S.W. 2 N.E.
6500 .0000 .0000 .0000 .0000 .0052
13500 .0013 .0018 .0020 . 0064 .0051
25 500 .0056 .0028 .0060 .0030 .0049
36000 .0090 .0070 .0102 . 0060 .0047
45000 .0120 .0110 .0130 . .0088 ,004 7
55000 .0154 .0145 .0168 .0128 .0048
65500 .0190 .0182 .0205 .0156 ,0048
77000 .0228 .0234 .0250 .0206 ,0047
88000 .0272 .0284 .0290 .0254 .0046
101000 .0324 .0350 .0340 ,0316 .0045
110500 .0370 .0404 .0372 .0370 .004 5
120000 .0422 .0464 .0412 .0430 .0044
131000 .0478 .0530 .0462 .0504 . 0044
140500 .0524 .0590 .0504 .0570 ,0043
150000 ,0588 .0664 .0558 .0652 .0041
160000 .0650 .0740 .0618 .0728 .0040
169000 .0730 .0832 .0680 .0848 .0038
181500 .0820 .0954 .0760 .0952 .003 8
189000 ,0920 .1054 .0826 .1086 .0037
200000 .00

COLUMN 8373.
0BSJ3RVED DATA.
(Continued)
100.
Total Ext ens ometer Readin^^'S. Lat. Expansion.
T.o arl s -
lbs. 1 S.E.
Inches
2 N.W. 1 S.¥. 2 N.E.
Readings
•
200000 .1040 .1190 .0920 .1254 .0037
210000 .1176 .1360 .1038 .1450 .0036
220000 .1330 .1632 .1142 .1654 .0034
230000 .1508 .1728 .1270 .1882 .0032
240000 ,1702 .1950 .1432 .2160 .0029
250000 .1940 .2205 .1605 .2456 .0027
260000 .2188 .2448 .1778 .2790 . 0023
270000 .2426 .2750 .1995 .3120 .0019
280000 .2790 .3110 .2245 .3550 .0015
290000 .3060 .3458 .2482 .3970 .0014
300000 .3410 .3840 .2755 .4438 .0009
310000 .3670 .4138 .2968 .4890 .0007
320000 .3950 .4448 .3180 .5170 .0002
330000 .4340 .4890 .3470 .5700 -.0003
340000 .4750 .5388 .3790 .6308 -.0012
350000 .5180 .5860 .4110 .6960 -.0016
362000 .5540 .6240 .4370 . .7492 -.0020
374000 .6112 .6890 .4782 .8370
386000 .6730 .7640 .5195 .9348
400000 .7426 .8510 .5590 1.0406
416000 .8300 .9650 .6150 1.1900
474000 2.0000

COLTOOT 8573.
COI/npUTED DATA.
Unit
Lo ad s
.
ITds. per
sq. in.
Unit
Longitudinal
Deformations
.
Inches
.
Unit Lateral
Deformation.
Inches
.
60 .000000 .0000000
120 ,000014 .0000019
230 .000043 .0000058
320 .000081 .0000095
400 .000112 .000009 5
490 .000149 .0000077
580 .000183 .0000077
680 .000230 .0000095
780 .000275 .0000115
890 .000333 .0000135
:'980 .000379 .000013 5
1060 .000432 .0000154
1160 .000494 .0000154
1240 .000547 .0000174
1330 .000615 .0000211
1410 .000684 .0000231
1490 .000773 .0000269
1600 .000872 .0000269
1670 .000972 .0000288
1770 .001101 .0000288
1860 .001256 .0000307
1940 .001415 .0000346

COLUm 83 73.
COlffUTKD DATA.
(Continued)
Tin i tKill 1
Loads
.
sq. in.
TJn 1
1
Kjll L l>
Longitudinal
Inches
.
2030 .00159?
2120 .001811
2210 .002052
2300 .002301
2380 .002573
2480 .002924
2560 .003243
2650 .003611
2740 .003917
2830 .004187
2920 .004600
3000 .005059
3100 .005528
3200 .005911
3310 .006539
3420 .007228
3540 .007983
3680 .009000
"4190
Unit Lateral
Deformation.
Inches
.
.0000385
.0000441
.0000480
.0000555
,0000615
.0000710
.0000730
.0000825
.0000862
.0000958
.0001055
.0001230
.0001305
.0001382

103.
COLWfN 8374.
OBSERVED DATA.
Length, 10 ft. 3 in. Reinforcement l/4 in. Spiral.
Circmference, 3 ft. 4 1/2 in. Gauge length,
Age, 14 clays. Concrete, 1-2-4.
Total
Loads
.
lbs.
Extensometer Readings.
Inches.
1 N.W, 1 S.W. 2 S.E. 2 N.E.
Lat. Expansion.
Readings. Ins.
E.W. N.S.
Lat. Def.
Inches
.
N»E. S.E.
6500 .0000 .0000 .0000 .0000 .2573 .2727 .00 .00
24500 .0075 .0074 .0069 .0121 .2550 .2725 .00 .00
50000 .0184 .0386 .0364 .0448 .2526 .2753 .00 .02
66000 .0672 .0920 .0846 .0935 .2473 .2751 .00 .03
78000 .1158 .1150 .1485 .1540 .2367 .2780 .02 .07
90000 .1684 .1988 .2254 .2263 .2257 .2750 . .03 . .13
100000 .2404 .3018 .3158 .3142 .2244 .2651 .04 .17
115000 .3644 .4795 .4716 .4734 .2222 , .2355 .06 .24
130000 .4840 .6720 .6548 .6514 .2083 .1985 .11 .42
n 40000 .5542 .7474 .7791 .7734 .1847 .1815 .13 .54
150000 .6288 .8702 .8572 .8115 .1403 .1574 .16 .70
160000 .7012 .9784 .9808 1.0408 .0905 .1328 .16 .86
175000 .7970 1.1278 1.0205 1.2257 .0160 .0860 .16 1.24
175000 Initial readings. .2617 .2378
190000 .8942 1.3228 1.0340 1.4032 .20 1.44
208000 Maximum load.
190000 .9342 1.4922 1.3452 1.5092

104
COLUT^N 8374,
COKPUTSI) DATA.
Unit
Loads.
Ibs/sq.in.
Unit
Longitudinal •
Deformation.
Unit Lateral
Deformation.
E.W. N.S.
60 .000000 . ouoouuu . uuuuuuu
220 .000085 . OQOuloo . UUUUUXD
440 .000345 . 000Uo84
590 .000843 . OUOOoi 5 — . uuuui y
D
690 .001335 . UUUOoDO
800 .002045
990 .002930 • UUU<iDOt/
1020 .004473
1150 .006155 .0004000 .0006050
1240 .007133 .0005930 .0007450
1340 .007920 .0009550 .0009400
1410 .009253 .0013600 .0011400
1550 .010430 .0019600 .0015200
1680 .011735
1840
1680 .013200

105.
COLUlim 8375.
OBSERVED DATA.
Length, 10 ft. 2 3/4 in.
Circumference, 3 ft. 4 1/2 in.
Age, 60 days.
Reinforcement, l/4 in. Spiral
Gauge Length, 100 in.
Concrete, 1-2-4.
Total
Loads
.
Ihs.
Extensometer Readings
Inches.
1 N.W. 1 S.W. 2 S.E.
•
2 N.E.
Lat. Expansion.
Readings. Ins.
E.W. N.S.
Lat. Def.
Inches
.
N.E. S.E.
5400 .0000 .0000 .0000 .0000 .2770 .2810 .00 .00
25500 .0064 .0028 .0040 .0070 .2769 .2797 .00 .00
53500 .0160 .0084 .0080 .0167 .2753 .2789 .00 .00
75000 .0220 .0154 .0110 .0232 .2746 .2769 .00 .00
100000 .0315 .0256 .0216 .0341 .2736 .2757 .00 .00
125000 .0426 .0362 .0346 .0466 .2710 .2738 .00 .00
151000 .0566 .0512 .0514 ,0628 .2660 .2697 .00 .01
175000 .0732 .0684 .0700 .0809 .2607 .2638 .01 .01
200000 .0956 .0932 .0970 .1068 .2469 .2523 .01 .02
225000 .1292 .1288 .1344 .1438 .2121 .2315 .01 .02
250000 .1790 .1842 .1940 .2100 .1778 .2060 .02 .04
275000 .2456 .2544 .2700 .2750 .1133 .1683 .03 .06
300000 .3320 .3484 .3660 .3727 .0249 .1233 .04 .08
300000 Initial readings. ..1331 .1835
325000 .4284 .4514 .4669 .4750 .0995 .1458 .04 .10
350000 .5444 .5730 .5890 .5966 .0475 .0945 ,05 .12
375000 .6844 . 7092 ,7132 .7223 .9075 .0460 .06 .16
400000 .8214 .8416 .7182 .8200 .07 .22
425000 .9624 ,9740 .7140 .8280 .08 .32
450000 1.1146 1.1104 .7150 .8290 .12 .40
509000 MaximLiin load.

COLtBOT 8375.
COJilPUTED DATA.
Unit Unit Unit Lateral
Loads. Lonsitudinal , Deformation.
Ibs/sq. in. Deformation. E.W. N.S.
60 . 000000 ,0000000 . 0000000
230 .000050 .0000008 .0000106
470 .000123 .0000139 .0000160
670 .000179 ,0000196 .0000252
890 .000282 .0000278 .0000350
1110 .000400 .0000490 .0000506
1350 .000554 .0000900 .0000892
1550 .000731 .0001330 .0001322
1770 .000982 .0002460 ,000?.260
1990 .001340 .0005500 .0003960
2210 .001918 .00081 Op .0006030
0009180
2650 .003548 .0020600 .0012850
2870 .004554 .0023300 .0015950
3100 ,004758 .0027550 .0020100
3320 .006988 .0038900 .0024050
3 540 .007698
3760 .008382
3980 .009148
4500

107.
COLmOT 8411.
OBSERVED DATA.
Length, 10ft. 1 3/4 in. Reinforcement, TTo. 7 Spiral.
CircwDiferenoe, 3 ft. 3 s/s in. Gauge length, 100 in.
Age, 67 davs. Concrete, 1-3-6.
Total
Loads
.
Its. 1 K.W.
Extensometer Readings.
Inches.
1 S.W, 2 S.E. 2 N.E.
Lat. Expansion.
Readings. Ins.
E.W. N.S.
6500 .0000 . 0000 . 0000 .0000 . X UD4fc
14500 .0032 .00 1 5 . 0019 .0034 O Q D Q. <SOOO
31000 .0085 . 00G2 . 0066 .0097 O Q Q O• <5000 . X y D D
52000 .0184 .01t)5 .0170 • <^ O 7 O . X^O^
75000 .0305 .0262 o r> o.0278 ,0310 . X rfOo
100000 .0495 .0398 .0418 .0505 . X O w7 O
125000 .0762 .0605 .0624 .0637 1 Rill
140000 .0995 .0800 ,0820 .0648 » -L t 1 f
150000 .1198 .0992 .0980 .0651 .2911 .1713
160000 .1422 .1178 .1182 .0657 .2912 .1647
175000 .1910 .1625 .1612 .0678 .2950 .1465
190000 .2445 .2130 .2102 .0783 .2899 .1209
205000 .2130 .2660 .2703 .0789 .0859
225000 .3200 .3617 .3702 .1067 .0305
225000 Initial Reading. .3191
245000 .3200 .4910 .4893 .2372 .2629
265000 .3240 .6195 . 5349 .4069 .1880
302000 Maximmn load. .1880

108.
COLUMN 8411.
COICPUTED DATA.
Loads
.
± Ds . per
sq. in.
Tin 1 +un i. u
Longitudinal
^^ /•V V* Vtl O ^ T /^T'YUG± Uir.la. L Vll .
Inches
.
Tin "1 T,a f" PY*a T
Deformation.
XXi OXiCO.
E.W. N.S.
60 .000000 Data dis- .0000000
130 .000025 carded. .0000008
270 .000083 -.0000016
460 .000173 .0000000
670 .000289 .0000148
890 , 0004 54 .0000461
1110 .000657 .0000923
1240 .000908 ,0001460
1340 .001089 .0002062
1410 .001302 ,0002540
1550 .001761 .0004030
1680 .002274 .0006150
1810 .002912 ,0009000
1990 ,003451 .0013600
2170 .004050 .0018200
2340 .004790 .0029000
2670

109.
COLUim 8412.
OBSERVED DATA.
Length, 10 ft. 2 3/4 in.
Circumference, 3 ft. 4 in.
Age, 66 days.
Reinforcement, No. 7 Wire Spiral,
Gauge length, 100 in.
Concrete, 1-3-6.
Total Extensometer Readings, Lat. Expansion. Lat. Def.
Loads
•
Ihs. 1 S.E.
Inches.
2 N.W. 1 S.W. 2 N.E.
Readings,
E.W,
Ins.
N.S.
Inches.
W.E. N.W.
6500 .0000 .0000 .0000 .0000 .2109 .2179 .34 .42
20000 .0043 .0035 .0024 .0050 ,2108 .2178 .34 .42
40000 .0185 .0076 ,0090 .0130 .2100 .2177 .34 .42
60000 .0241 .0134 .0161 . 0201 .2087 .2164 .34 .43
80500 .0361 .0205 .0259 ,0298 ,2080 .2136 .34 .44
101000 .0505 .0301 .0369 .0424 .2061 .2110 .35 .45
121000 .0668 .0419 .0501 .0576 .2027 .2065 .35 .45
140000 .0859 .0554 .0655 .0758 .1978 .1990 .35 .46
160000 .1142 .0754 .0872 .1024 .1911 .1832 .35 .48
180000 .1552 .1045 ,1180 .1404 .1672 .1583 .36 .50
200000 .2130 .1475 .1620 .1960 .1510 .1233 .38 .54
220000 .2851 .2015 .2197 .2681 .1170 .0695 .40 ,58
173000 .2839 .1974 .2122 .2640 .1424 .0693 ,40 . 60
173000 Initial reading. .2167 .2590
127000 .2701 .1835 ,1982 .^521 .2190 .2609 .40 .60
127000 Initial reading. .0315 .0797
75000 .2472 .1612 .1752 .2319 .0372 .0851 .40 .60
40000 .2215 .1377 .1510 .2070 .0492 .0951 .40 .58
6500 .1703 .1015 ,1110 .1599 .0712 .1198 .40 .56
41000 .1845 .1205 .1278 .1791 .0712 .1200 .40 .58

110.
COLUMN 8412.
OBSERVED DATA.
(ContiniJied) .
Loads
.
Extensoraeter Readings.
Inches.
1 S.B. 2 N.W. 1 S.W. 2 N.E.
Lat. Expansion.
Readings. Ins.
E.W. N.S.
Lat. Def.
Inches.
N.E. N.W.
.2199 .1475 .1548 .2111 ,0607 .1043 .41 . 58
1 PI ODDX X \y V/
w
.2449 .1700 .1780 .2359 .0506 .0979 .42 .58
1 fipnnoX v/v/v/ .2678 .1906 .1993 .2580 .0408 .0874 .42 .58
1 94000J, fc7^ V/ V/ Vy .2861 .2028 .2197 ,2690 .0329 .0781 .42 .59
.3122 .2300 .2383 .2690 ,0198 .0625 .42 .59
.2892 .2060 ,2130 .2470 .0250 .0653 ,42 .60
"lOO .1831 .1158 ,1211 .1432 .0783 .1129 .42 .56
O o/ V/ .0000 ,0000 .0000 .0000 ,2712 .2526
pn«iOO .0128 .0099 .0081 .0042 .2624 .2485
T <Jw V/ .0342 .0285 r>p f^p HP ^ ^ P t^Q Q. ^ o • <C* tJ ^y V/
61 000\J X vy vy V/ .0530 .0466 .0432 .0453 .2510 .2226
80500 .0710 .0617 .0581 .0628 .2435 .2114
101000 .0879 .0768 .0739 .0794 .2336 .2007
111000 .0978 .0851 .0822 .0891 ,2271 .1939
121000 .1073 .0930 .0889 .1100 .2212 ,1879
130500 .1155 .1005 .0968 .1073 .2130 .1806
140000 .1270 .1114 .1061 .1205 .2086 .1724
141000 Maximiim load.

C0LU5IN 8412.
CCEfPUTED DATA.
Unit Unit
Loads. Longitudinal
Its. per Deforaations.
sq. in. Inches.
60 ,000000
180 .000038
350 .000120
530 .000184
710 .000278
890 .000399
1070 .000541
1240 ,000707
1410 .000948
1590 .001295
1770 .001796
1940 .002436
1530 ,002394
1120 .002260
670 .002039
350 .001 793
60 .00135 7
360 .001530
720 .001833
1070 .002072
Unit Lateral.
Deformation.
Inches
.
E.W. N.S.
.0000000 .0000000
.0000008 .0000008
.0000074 .0000016
.0000182 .0000123
.0000239 .0000361
.0000395 .00005 67
.0000675 .0000940
.0000928 .0001555
.0001630 .0002860
.0002860 .0004900
.0004940 .0007800
.0007740 .0012200
.0005640 .0012200
.0005450 .0012000
.0004980 .0011700
.0004000 .0010400
,0002180 .0008800
.0002180 .0008950
.0003050 .0010550
.0003880 .0010600

112.
COLUMN 8412.
COMPUTED DATA.
(Continued)
Unit
Loads,
bs. per
sq. in.
Unit
Longitudinal
Deformations.
Inches
•
Unit Lateral
Deformations.
Inches.
E.W. W.S.
1430 .002289 .0004700 • 0011450
1720 .002444 .0005340
1940 .002624 .0006420 # OOlo oOO
1110 .002388 .0005990 ,0013300
60 .001408 .OOOloOO .0009550
Spiral was stripped from colijuan and test continued.
60 .000000 .0000000 • 0000000
180 .000088 ,0000808 /^/^ /Art's o. 000033
U
400 . 000283 .0000932 .0001360
540 .000470 .0001665 .0002460
710 .000634 .0002280 .0003380
890 .000795 .0003100 ,0004250
980 .000885 .0003630 .0004830
1110 .000998 .0004120 .0005330
1150 .001050 .0004790 .0005900
1240 .001162 .0005150 .0006600
1250

113
COLlBiDT 841.'5.
OBSERVED DATA.
Length, 10 ft. 2 In. Reinforcement, No, 7 Spiral
Circuraference, 3 ft. 4 in. Gauge length, 100 in.
Age, S7 days. Concrete, 1-3-6.
Total Extensometer Readings. Lat. Expansion. Lat. Def.
Loads. Inches. Readings. Ins. Inches.
lbs. 1 N.W. 1 S.W. 2 S.E. 2 N.E. E.W. N.S. N.E. S.E.
7000 .0000 .0000 .0000 .0000 .2795 .2690 .00 .00
20000 .0059 .0050 .0046 .0068 .2792 .2675 .00 .00
40000 .0171 .0193 .0147 .0180 .2773 .2665 .00 .00
60000 .0340 .0456 .0322 .0360 .2725 .2666 .00 .00
80000 .0656 .0942 .0676 .0707 .2485 .2490 .00 .01
100000 .1555 .2278 .1654 .1667 .1089 .2060 .00 .02
121000 .3135 .4586 .4420 .3272 Data Di scarded
140000 .5029 .7621 .8262 .5327
160000 .7043 1.0950 1.0935 .7588
180000 .9154 1 .4680 1 .2488 1.0472
203000 1.1640 1.7280 1.4230
206000 Maximum Load.

8413.
COJIPUTED DATA.
Unit
lbs. per
s a . in
.
Unit
Longi tud 1 na.1
Deformations.
Inches
.
Unit Lateral
Deformations
.
Inches.
S.¥. N.S.
60 .000000 .0000000 ,0000000
180 .000056 .0000025 .0000120
350 .000173 ;0000181 .0000206
530 .000370 .0000575 .0000198
710 .000745 .0002550 .0001650
890 .001789 .0014000 .0005200
1070 .003853 Remaining data discarded.
1240 .006560
1410 .009129
1590 .011699
1790 .015755
1820

115.
COLmOI 8421.
OBSERVED DATA.
Length, 10 ft. 2 3/4 in. Reinforcement, l/4 H.S. Spiral.
Circujflf erence, 3 ft. 4 3/4 in. Gauge length, 100 in.
Age, 60 days. Concrete, 1-3-6.
Total Extensometer Readings. Lat. Expansion. Lat. Def
.
Loads. Inches. Readings. Ins. Inches.
lbs. 1 S.E. 2 N.W. 1 S.W. 2 N.E. E.W. IT.S. N.E. S.E.
6000 .0000 .0000 .0000 .0000 .2686 .2553 .00 .08
25000 .0022 .0035 .0032 .0064 .2678 .2554 .00 .08
50000 .0082 .0040 .0102 .0180 .2658 .2557 .00 .08
75000 .0082 .0040 .0215 .0312 .2631 .2547 .00 .06
75000 .0000 Initial reading.
100000 .0310 .0164 .0344 .0479 .2570 .2523 .00 .04
125000 .0468 .0423 .0545 .0664 .2509 .2454 .00 .03
150000 .0658 .0784 .0801 .0972 .2369 .2326 .00 .00
170000 .0700 .1200 .1040 .1344 .2194 .2155 .00 -.02
1 80000 .0000 Initial reading.
180000 .0000 .1405 .1225 .1580 .2083 .203 6 .00 -.03
190000 .0212 .1716 .1467 .1880 .1935 .1860 .00 -.05
200000 .0390 .1970 .1619 .2120 .1829 .1718 .00 -.03
212000 .0610 .2450 .2060 .2564 .1622 .1445 .00 -.10
212000 .0000 Initial reading.
225000 .0050 .2850 .2390 .2935 .1470 .1259 .00 -.13
240000 .0072 .3470 .2920 .3498 .1213 .0934 .00 -.19
240000 .3000 Initial reading.
260000 .3594 .4391 .3690 .4292 .0835 .0486 .00 -.24
280000 .4220 .5480 .4545 .5155 .0435 .9979 .00 -.33

116.
COLUMN 8421.
OBSERVED DATA.
(Continued)
.
Total
Loads
.
lbs.
Extensometer Readings.
Inches.
1 S.E. 2 N.¥. 1 S.W. 2 N.E.
Lat. Expansion.
Readings. Ins.
E.W. N.S.
Lat. Def.
Inches.
N.E. S.E.
280000 Initial reading. .2535 ,1590
300000 .4900 .6650 .6380 .6100 .2189 .1170 -.01 -.45
325000 .5286 ,8570 .6750 .7438 .1681 ,0370 -.08 ^.68
325000 Initial reading. .2840 ,3130 -.58 .07
350000 . 5880 1.0790 .8370 .8864 .2185 ,2245 -.60 -.25
375000 -.68 -.68
3 73000 Maximum load.

117
COLUMN 8421.
CQ5IPUTED DATA.
Unit Unit Unit Lateral
Loads. Longitudinal Deformation.
l"bs. per Deformation. Inches.
Bq. in. Inches. E.W. N.S.
50 .000000 .0000000 ,0000000
220 ,000038 .0000065 -.0000008
440 .000101 .0000229 -.0000033
670 .000264 .0000499 .0000049
890 .000412 .0000947 .0000245
1110 .000605 .0001445 .0000808
1340 .000887 .0002590 .0001855
1500 .001192 .0004020 .0003250
1590 .001403 ,0004920 .0004220
1680 .001674 .0006130 .0005650
1770 .001870 .0007000 .0006810
1880 .002312 .0008690 .0009050
1990 .002663 .0010080 .0010580
2120 ,003209 .0012020 .0013200
2300 ,003991 .0015140 ,0016900
2480 .004850 .0018380 .0021000
2 650 .006240 .0021200 ,0024410
2870 ,007094 .0022100 .0031000
3100 ,008617 .0027400 .0038200
3320
3390

113 •
COmm 8422.
OBSERVED DATA.
Length, 10 ft. 2 in.
Circumference, 3 ft. 3 l/2 in.
Age, 62 daj/'s.
Total Extensometer Readings,
Loads. Inches.
Reinforcement, l/4 in. Spiral
Gauge length, 100 in.
Concrete, 1-3-6.
Lat. Expansion.
Readings. Ins.
Lat. Pef.
Inches.
lbs. 1 N.W. 1 S.W. 2 S.E. 2 N.E. E.W, N.S. N.E, S.E.
6500 .0000 .0000 . 0000 .0000 .2615 .2730 .00 .00
25000 .0038 .0030 .0051 .0069 .2621 .2736 .00 .00
51000 .0120 .0132 .0148 ,0159 .2619 .2722 .00 .00
75000 .0202 ,0232 .0261 .0257 .2608 .2720 .00 .00
100000 .0300 .0360 .0407 .0392 .2593 .2710 .00 .02
126000 .0445 .0515 .0598 ,0576 .2571 .2640 .00 .03
150000 .0616 .0728 .0843 .0779 .2527 .2640 .00 .03
175000 .0865 .1040 .1212 .0779 .2494 .2540 .00 .04
175000 In i t i al reading. .0000
200000 .1205 .1462 .1721 .0451 .2326 .2401 -.02 .07
225000 .1660 .2046 .2444 .1064 .2038 .2156 -.03 .10
255000 .2380 .2920 .3492 .1972 .1573 .1780 -.04 .15
275000 .3020 .3742 .4471 .2813 .1065 .1440 -.09 .21
300000 .3790 .4745 .5684 .3776 .0525 .1083 -.13 .39
326000 .4725 .6000 .7217 ,4997 .9065 .0610 -.18 .42
325000 Initial readings. .1920 .2445
350000 .6770 .7390 .9041 .6368 .1580 .1875 -.30 .60
363000 Maximmn load. -.60 1.80

119.
COLUfJDJ 8422.
COMPIITMT I)ATA.
Unit Unit
Loads. Longitudinal
ITds. per Deformations,
sq. in. Inches.
60 .000000
220 .000047
450 :;.oooi40
670 .000238
890 . 000365
1120 .000534
1340 .000730
1550 .001039
1770 .001463
1990 .002062
2260 .002936
2430 .003746
2650 .004737
2870 .005971
3100 ,007906
3210
Unit Lateral
Deformations
.
Inches.
N.S.
. 0000000 .0000000
.0000049 .0000049
.0000033 .0000049
.0000057 .0000082
.0000180 .0000163
.0000359 .0000326
.0000718 .0000735
.0000988 .0001550
.0002360 • .0003 680
.0004710 .0004680
.0008520 .0007750
.0012650 .0010520
.0017050 .0013440
.0029000 .0017300
.0031700 .0021950

120
COLHOT 8423.
OBSERVED DATA.
Length, 10 ft. 2 l/4 in.
Circumference, 3 ft 4 l/2 in.
Age, 6 5 da.yB,
Reinforcement, l/4 in. Spiral
Gauge length, 100 in.
Concrete, 1-5-6.
Total Extensometer readings Lat . Expansion. Lat. Def.
Loads
.
Ihs. 1 K.W.
Inches.
1 S.W. 2 S.E. 2 N.E.
Readings
.
E.W.
Ins
.
N.S.
Inches
.
N.E. S.E.
5000 .0000 .0000 .0000 .0000 .2577 .2443 .40 -.30
20000 . 0072 .0057 .005 5 .0072 .2593 .242 6 .40 -.30
40000 .0195 .0174 .0165 .0192 .2584 .2420 .40 -.30
60000 .0442 .0396 .0351 .0419 .25 61 .2403 .40 -.30
80000 .0920 .0819 .0701 . 0605 .2500 .2310 .42 -.32
100000 .1749 .1545 .1325 ,1328 .2244 .2003 .46 -.36
120000 .3109 .2710 .3230 .2379 .1871 .1570 .54 -.42
140000 .4813 .4095 .3535 .3875 .1442 .1110 .66 -.54
160000 .7109 .5823 .4785 .5850 .0950 .0575 .84 -.70
180000 .95 50 .7570 .6000 .8500 1.10 -.90
193000 Maximun load. 1.26-1.00

121.
COLTOOI 8423.
COMPUTED DATA.
Unit Unit Unit Lateral
Loads. Longitudinal Deformation,
lbs. per Deformation. Inches.
sq. in. Inches
.
E.W. N.S.
40 .000000 .0000000 .0000000
180 .000064 -.0000131 .0000139
360 .000182 -.0000057 .0000188
540 .000402 .0000131 .0000327
720 .000811 .0000626 .0001085
890 .001487 .0001900 .0003595
1060 .002857 .0005760 .0007125
1240 .004080 .0009280 .0010900
1420 .005887 .0001330 .0015550
1590 .007905

122.
COLTO/[N 8431.
OBSERVED DATA.
Length, 10 ft.
Circtimference,
Age, 61 days.
1 in.
3 ft. 6 in.
Reinforcement, l/s
Gauge length, 100
Concrete, 1-3-6
.
in.
in.
Spiral
Total
T.o ad s •
Ids.
Extensoraeter Readings.
Inches.
1 N.'Cir. 1 S.W. 2 S.E. 2 N.E.
Lat. Expansion.
Readings. Ins.
E.¥. N.S.
Lat. Def.
Inches.
N.E. S.E.
6500 .0000 .0000 .0000 .0000 .2750 ,2541 .00 .00
26000 ,0067 .0038 .0043 ,0093 .2745 ,2534 .00 .00
51500 .0113 .0111 .0119 ,0194 .2738 ,2536 .00 .00
75000 .0146 .0205 .0212 .0298 .2724 ,2539 .00 .00
101000 .0170 .0341 .0281 .0447 .2685 ,2536 .00 .00
124000 .0301 .0480 .0460 .0607 ,2660 ,2526 ,00 .00
150000 .0329 .0735 .0658 .0743 .2595 .2478 .00 -.03
175000 .0331 .1085 ,0923 .1158 ,2505 . 24072 .02 -.06
175000 .0000 Reset.
200000 .0068 .1557 .1283 .1574 ,2353 .2265 .02 -.10
225000 .0070 .2175 .1765 .2062 .2148 .2140 .04 -.18
250000 .0070 .2061 .2290 .2664 .1912 .2030 .04 -.24
275000 .0070 .3680 .2883 ,3369 .1620 .1908 .06 -.32
300000 .4621 .3020 .4171 .1347 .1749 .09 -.42
325000 .5749 .3005 .5085 .1055 .1525 .10 -.62
350000 .6891 .2986 ,5990 .0745 .1260 .12 -.78
375000 .8209 .2975 ,7115 ,0375 .0950 .16--1.00
400000 ,9744 .2952 ,8341 ,9920 .0598 .20--1.28
400000 Initial reading. ,2180 ,2655
417000 1.0189 ,2630 1.6700 ,1240 ,1890 .46-•1.84
420000 Maximum load.

123,
COLmm 8431.
COMPUT>ID DATA.
Unit
Loads
.
lbs. per
sq. in.
60
230
460
670
890
1110
1340
1550
1770
1990
2210
2430
2 650
2870
3100
3320
3540
3690
3710
Unit
Longitudinal
Deformation.
Inches.
. 000000
.000060
.000134
.000215
.000310
.000462
.000616
.001122
.001566
.002119
.002763
.003 525
.004396
.005417
.006441
.007662
.009043
.013445
Unit Lateral
Deformation.
Inches.
E.W.
.0000000
.0000040
.0000097
.0000210
.0000525
.0000727
.0001254
.0001980
.0003210
.0004670
.00067 70
.0009050
.0011340
.0013700
.0016200
.0019200
.0022900
.0030500
N.S.
.0000000
.0000057
.0000041
.0000016
.0000051
.0000121
.0000510
.0001080
.0002240
.0003240
.0004150
.0005110
.0006400
.0008200
.0010400
.0012900
.0015720
.0021900

124.
COLUMN 8432.
OBSERVED DATA.
Length, 10 ft. 2 3/4 in.
Circumference, 3 ft. 5 1/4 in.
Age, 63 days.
Total Extensometer Readings,
Reinforcement, 3/8 in. Spiral
Gauge length, 100 in.
Concrete, 1-3-6.
Lat. Expansion. Lat . Def.
Loads
.
lbs. 1 N.W.
Inches.
1 S.¥. 2 S.E. 2 N.E.
Readings.
E.W.
Ins
.
N.S.
Inches
.
N.E. S.E
7000 .0000 .0000 .0000 .0000 .2587 .2580 -.29 - , 03
26000 .0070 .0048 .0050 .0069 .2 580 .2588 - • 29 -.03
51000 .0181 .0145 .0153 .0187 .2592 ,2597 - , /i9 - . Uo
74000 .0314 .0278 .0277 .0315 ,2595 ,2599 - , 29 - . 03
100000 .0540 .0494 .0473 ,0520 .2593 ,2585 - , 29 - , 03
125000 ,0863 .0804 .0756 .0806 .2545 .2465 - . 29 - . 03
150000 .1372 .1314 .1200 .1244 ,2498 .2198 -.29 - . 05
178000 .2150 .2082 .1942 .1975 .2390 .1785 -,30 - . 06
200000 .2911 .2826 .2740 .2744 .2180 .1329 - ,30 - , 04
225000 .3895 .3816 .3874 .3763 ,1933 .0801 -.33 -.01
250000 .4940 .5026 .5195 ,4930 ,1670 . 0287 -.38 .04
250000 Initial readings. ,2691 .2860
275000 .5884 .6313 .5650 ,6180 .2385 .2355 -.45 .10
300000 .6896 .7650 .7530 ,7585 ,1985 .1965 -.56 .20
325000 .7915 .9146 .93 72 ,9080 ,1430 .1830 -,65 .34
348000 .8754 1,0475 1.1205 1.0450 .0685 .1970 -,75 ,48
375000 .9768 1.2324 1.3910 1.2550
400000 1.0600 1.3464 1,4580 1,4670
417000 1.0866 1,3485 1.7550 1.6950
417000 Maximum load.

12 5.
COmOJ 8432.
COICPUTKD DATA.
(Continued)
Unit Unit Unit Lateral
Loads. Longitudinal Deforaations.
lbs. per Deformations. Inches.
sq. in. Inches. E.W. N.S.
60 .000000 .0000000 .0000000
230 .000060 .0000057 -.0000065
450 .000167 -.0000040 -.0000137
650 .000296 -.0000065 -.0000154
890 .000507 -.0000049 -.0000121
1110 .000810 .0000339 .0000930
1340 .001286 .0000720 .0003090
1580 .002046 .0001590 .0006425
1770 .002826 .0003290 .0010100
lyyu f\r\i p C3 R.UUOOOO nm 4.4.00
2210
.
.005068 .0007410 .0018500
2430 .005667 .0009910 .0022600
2650 .007213 .0015600 .0025800
2870 .008644 .0025800 .0026850
3040 ,009980 .0042000 .0025700
3320 .011839
3 540 .012590
3 700- .014208

126.
COLWm 8433.
OBSERVED DATA.
Length, 10 ft. 3 in.
Circurarerence, 3 ft. 6 in.
Age, 66 days.
Reinforcement, s/s in. Spiral
Gauge length, 100 in.
Concrete, 1-3-6,
Total
Loads
.
lbs.
Extensometer Readings.
Inches.
1 N.W. 1 S.W. 2 S.E. 2 N.E.
Lat. Expansion.
Readings. Ins.
E.W. U.S.
Lat. Def.
Inches
.
N.E. S.E.
8000 .0000 . 0000 . 0000 . 0000 O Q /I , X V* no
26000 .0062 . 0026 . 0055 • 00 M 1 1 1 » ±y X f . uu nn
51000 . 0144 .0113 .0160 . uiy 4 • / O O n o Q o. X oy o no. yJyJ no
75000 .0250 .0233 .0298 .0335 , /6 / bo . XOt>
U
nn
100000 .0410 .0414 .0494 .0547 CO A • Xoo/i no np
125000 . 0643 .0684 .0748 .0839 . <CDOO . XcJXO . 'JO
150000 .1029 .1100 .1140 .1305 . X o ou n*^
175000 .1540 .1651 .1646 .1914 O A t A . X O U D . Uc.
200000 .2200 .2361 .2296 .2661 . <i 1 o 5 . X u . uo n"^
227000 .3035 .3275 .3123 .3552 .1880 .0989 .03 .00
253000 ,3950 .4332 .4075 .4538 ,1589 .0528 ,00 -.02
277000 .4850 .5400 .4987 ,5529 .1306 ,0090 -.02 -.03
277000 Initial readings. .2319 ,1969
303000 .5750 .6462 .5915 .6476 .2240 .1310 -.05 -.05
325000 .6410 ,7569 .6924 .7432 .2049 .9949 -.09 -.07
325000 Initial readings. .2715 .2025
350000 , 7335 .8930 .8034 .8516 .2410 .0735 -.15 -.12
375000 .8451 1.0470 .8202 .9554 -,25 -.18
380000 ,9605 1.2110 .8850 1.0549 -,36 -.25
L J

COLmTN 8435,
OBSERVED DATA.
(Continued)
Total Extenaometer Readings. Lat. Expansion. Lat . Def.
Loads. Inches. Readings. Ins. Inches,
lbs. 1 N.W. 1 S.W. 2 S.-l. 2 N.E. E.W. N.S. N.E. 3.E.
425000 1.0914 1.4120 .9932 1.1095 -.58 -.40
450000 1.2480 1,6520 .9935 1.1115 -.84 -.58
475000 1,4540 1.9840 .9935 1.2025 -1,04 -.88
475000 MaxiiTHJim load.

12G
COmCT 8433.
COMPUTID DATA.
Unit lUnit Unit Lateral
Loads. Longitudinal Deformations,
lbs. per Deformations. Inches.
sq. in. Inches
.
U.S.
70 .000000 .0000000 .0000000
230 .000054 . 00004 60 .0000097
450 .000153 .0000556 .0000250
670 .000279 .0000655 .0000315
890 .000466 .0000890 ,0000541
1110 .000729 .0001180 .0000920
1340 .001144 .00019 70 .0002010
1550 .001688 .0003400 .0003450
1770 .002379 .0005250 .0005170
2010 .003246 .0007700 .0007600
2240 .004224 ,0010050 ,0011350
2450 .005192 ,0012350 .0014850
2 680 .006151 .0013000 .0020150
2870 .007084 ,0015150 .0031200
3100 .008204 ,0017670 .0041600
3320 .009169
3360 .010299
3760 .011515
3980 .012513
42j00 .015482

129.
COLUJJN 8461.
OBSERVED DATA.
Length, 10 ft.
Circumference,
2 in.
3 ft. 4 1/2 in.
Reinforcement,
Spiral
.
Gauge length.
1/4 in
100 in.
. M.S.
Age, 60 days. Concrete, 1-2- 4.
X w u
Loads
.
X U D •
Extensometer Readings
Inches
.
N.W. S.W. S.E.
.
TT.E.
Lat. Expansions.
Readings, ins.
E.W. N.S,
T n f
Inch
. Jli .
.es.
7000 .0000 .0000 .0000 .0000 .1670 .2546 C\A.
27000 .0024 .0022 .0052 .0060 .1671 .2646 DO . yJ'x
*iOOOO .0064 .0092 .0140 .0120 .1665 .2640
7«i000r *j V/ vy V/ .0110 .0156 .0250 .0202 .1657 .2635 no DO.
101000 .0174 .0262 .0380 .0280 .1651 .2628 . KJ'i
125000ju fc> «y vy vy V/ .0246 .0390 .0490 .0352 .1620 .2620 OA
liiOOOO^ vy V/ vy »/ .0342 .0534 .0625 .0445 .1597 .2607 . KJ'x
175000X » «y %y vy vy .0456 .0700 .0795 .0552 .1566 .2593
200000f^\J vy vy vy vy .0602 .0904 .0965 .0688 .1532 .2577
225000vy V/ vy .0804 .1158 .1200 .0860 .1500 .2558 1 n
250000A« «y \y \y ^y vy .1104 .1506 .1538 .1118 .1440 ,2522 1 n. Xv/
275000 .1512 .1922 .1968 .1405 .1356 .2443 — . X J. 1 n. xu
500000 .1998 .2452 .2490 .1798 .1166 .2317 . yJO
325000 .2674 .3196 .3165 .2325 .0775 .2106 > CO
3 50000 .3538 .4136 .3980 .2960 .0309 .1837 -.25 .07
375000 .5048 .5876 .5280 .3660 .1957 .1390 -.42 .00
375000 Initial reading. ,1600 .2930
388000 .7896 .9300 .7250 . 5060 .0540 .2188 -.85 -..15
388000 Maximum load. •

COLWm 8461.
G0I.5PUTED DATA.
Unit
Loads
.
)s/sq • in.
Unit
Longitudinal,
Deformation.
Unit Lateral
Deformation.
E.W, N.S.
60 . 000000 .0000000 .0000000
240 •ooooao - . 0000008 .0000000
440 .000104 .0000041 .0000049
670 .000180 .0000106 .0000090
890 ,000274 .0000155 .0000147
1110 .000370 .0000408 .0000212
1340 .000487 .0000596 .0000318
1550 .000623 .0000848 .0000432
1770 .000740 .0001125 .00005 55
1990 .001006 .0001388 .0000717
2210 .001317 .0001888 .0001011
2430 ,001702 .0002560 .0001660
2650 .002185 .0004120 .0002690
2870 .002840 .0007310 .0004410
3100 .003654 .0011120 .0006600
3320 .004966 .00102 50
3430 .007377 .0016300

COLUMN 8462.
OBSIHRVED DATA.
Length, 10 ft. 2 in.
CircuBiference, 3 ft. 4 in.
Age, 70 days.
Reinforcement, l/4 inch
mild steel spiral.
Gauge length, 100 inches.
Concrete, 1-2^4.
Total Extensoraeter Readings.
Loads.. 1 N.W. 1 S.W. 2 S.E. 2 N.E.
Ihs. Inches.
Lat. Expansion.
Read ings
.
E.W. N.S.
Inches
.
Lat. Def.
N.E. S.E.
Inches
.
11000 .0000 . 0000 .0000 .0000 .2278 .2544 .00 .00
25500 . 003 5 ,0020 .0039 . 0052 .2269 ,2533 .00 .00
50000 .0110 .0082 ,0113 .0138 .2259 .2524 .00 .00
74000 . 0186• X w w .0162 . 0201 .0224 .2255 .2510 .00 .00
101000-i* V/ vx . 02Q3 . 0274 .0314 .0339 .2230 .2494 .00 .00
124000 - 0423 .0410 .0450 .0472 . 2208 .2484 .00 .00
150000 0590 .0638
. 0659 .2166 .2451 .00 .00
176000 .0902 .0878 .0935 .0964 .2103 .2388 .00 . 00
188000 .1103 .1075 .1142 .1172 .2056 .2334 .00 .00
200000 .1350 .1309 .1385 .1430 .2000 .2267 .00 .00
225000 .2160 .2053 .2148 .2242 .1680 .1895 .02 ;00
250000 .3240 .3050 .3184 .3298 .1196 .1158 .03 -.02
275000 .4620 .4340 .4470 .4592 .0555 .0307 .03 -.07
275000 Initial reading. .2495 .2370
300000 .6230 .5990 .5954 .6061 .1853 .1675 .00 -.12
325000 .7620 .7410 ,7715 ,7942 .0750 .0623 -.10 -.22
325000 Initial reading. .2527 .2570
345000 .9450 .9090 1.1152 1.1484 -.52 -.91
345000 Maximtim load •

COLTO/[
COMPUT
Unit Unit
^Loads. Longiti»dinal
Ibs./sQ-in. Deforaation.
100 ,000000
230 .000036
440 .000111
655 .000193
990 .000305
1100 .000439
1340 .000920
1560 .001123
1670 .001368
1770 .002151
1990 .003198
2210 .004505
2430 .006059
2650 .007672
2870 .010294
3050
8462.
I DATA.
Unit Lateral
Deformation.
E.W. N.S.
.0000000 .0000000
.0000073 .0000090
.0000155 .0000163
.0000188 .0000278
.0000392 .0000418
.0000571 .0000490
.0000915 .0000490
.0001430 .0001270
.0001810 .0001720
.0002270 .0002260
.0004880 .0005300
.0008810 .0011300
.0014050 .0018300
.0019300 .0023900
.0033500 .0032500

133.
COLmOT 8463.
OBSERVED DATA.
Length
,
Cir cuiaf
10 ft,
erence,
2 3/4 in
3 ft. 4
.
1/4 in.
Reinforcement, l/4 in
steel spiral.
Gauge length 100 in.
. mild
Age, 66 days
.
Cement, 1-2-4.
Total
Loads
.
lbs.
Extensometer Readings
Inches.
1 N.W. 1 S.W. 2 S.E. 2 N.E.
Lat. Expansion.
Readings. Ins.
E.W. N.S.
Lat. Def.
Inches.
N.E. S.E
8000 .0000 • 0000 . 0000 .0000 AO A . <c 1 '-t no .00
25000 .0049 .0020 .0024 .0054 » tiOl f no 00
50000 .0137 .0092 .0100 .0136 • <o r) 00 00
75000 .0242 .0183 .0194 . 0234 nn no
100000 .0378 .0314 .0298 .0334 A Ail 00 . 00
125000 .0478 .0485 .0424 .0455 no - 02
150000 .0656 .0723 .0622 .0645 . 00 -.02
175000 .1105 .1134 .1018 .0937 .2080 .2154 .00 -.04
200000 .1785 .1640 .1634 .1535 .1511 .1590 -.04 -.04
225000 .2736 .2445 .2510 .2334 .0704 .0693 -.08 -.08
250000 .3955 .3699 .3664- .3368 .9640 .9750 -.12 -.10
250000 Initial Reading, .2585 .2450
275000 .5357 .5134 .4955 .4514 .1386 .1105 -.18 -.16
275000 Initial reading. .2440 .2387
300000 .7145 .6916 .5854 .9600 .9750 -.28 -.26
325000 ,9095 .8947 .7000 -.50 -.42
350000 1.1334 1.1252 .8138 -.53 -.70
393000 Maximum load. -.85 -.94

COLUMN 8463.
COMPUTED DATA.
Unit Unit
Loads. Longitudinal
lbs. per Deformations,
sq. in. Inches.
70 .000000
200 .000037
440 .000116
670 ,000213
890 .000331
1110 .000461
1340 .000660
1550 .001048
1770 .001649
1990 .002506
2210 .004670
2430 .004990
2650 .006385
2870 .007974
3100 .009695
Unit Lateral
Deformations.
Inches.
E.W. N.S.
.0000000 .0000000
.0000057 .0000033
.0000234 .0000229
.0000278 .0000457
.0000481 .0000662
.0000910 .0001100
.0001845 .0002095
.0004450 .0004825
.0009100 .0009430
.0015700 .0016800
.0024300 .0024600
.0034200 .0035600
.0057300 .0058200

COLUTCN 8471.
OBSERVED DATA.
135,
Length, 19 ft. 7 1/2
Circumference, 3 ft.
Age, 64 days.
in. Reinforcement
4 3/8 in. Gauge length.
Concrete, 1-2
,
1/4 in,
100 in.
-4.
Spiral
,
Total
Loads
•
Ext ensometer Readings.
Inches.
1 N.W. 1 S.W. 2 S.E. 2 N.E,
Lat. Exp
Readings
E.W.
ansion.
Ins,
N. S
.
6500 , 0000 •UUUU ,uuuu , 0000 ,2783 ,1101
20500f-^ V/ Kr* »^ V ,0035 ,0040 .2847 • 1102
42000 .0072 .0095 ,2837 ,1098
61500 . 0145 .Oloo ,UlOU .0145 .2827 .1090
81000 ,0182 .0245 .Uii/S/i .0202 .2817 . 108®
101000 . 0248 .0262 .2803 .1081
121000 .0320 .0452 .0420 .0340 .2785 .1061
140000 .0375 .0555 .0498 .0392 .2768 .1039
160000 .0442 .0679 .0600 .0450 .2 738 .1000
179000 .0540 .0862 ,0730 .0538 .2700 .0947
200000 . .0642 .1080 ,0805 . 0602 .2647 .0886
1
220000 .0764 .1360 .1000 .0672 ,2588 .0848
240000 .0908 ,1750 .1265 .0735 ,2465 ,0728
260000 .1072 .2320 .1600 .0752 .2271 ,0565
270000 .1270 .3210 .2120 .6700 , 2005 .0309
270000 Initial readings. .1890 ,0739
300000 .1500 .4768 .2980 .3700 ,1451 . 03 50
260000 .1110 ,8850

136.
COLUIiIN 8471.
COMPUTED DATA.
Unit
L ad s
.
ITds. per
SQ . in
.
Unit
Longi tud inal
Deformation.
Inches
.
Unit Lateral
Defonnat ion.
Inches.
E.W. N.S.
60 . 000000 .0000000 .0000000
180 .000035 . 0000082 . 0000036
370 .000090 .0000163 ,000009 8
540 .000152 .0000245 r\f\r\t\~\ T /I. UUUUl14
720 .000213 . 0000359 .0000171
890 .000293 .0000506 .0000.555
1070 .000383 ,0000645 • 0000515
1240 .000454 .0000890 .0000835
1410 .000543 .0001200 .0001270
1560 .000668 ,0001630 .0001765
1770 .000782 .0002115 .0002075
1940 .000949 ,0003115 .0003060
2120 .001165 ,0004700 .0004385
2300 .001436 ,0006870 .0006475
2380 .002240 ,0010450 .0009651
2650 .003134 .0016820 .0021750

137
COLUlffN 8472.
OBSERVED DATA.
Length, 19 ft. 7 in.
Circumference, 5 ft. 4 in.
Age, 62 days.
Reinfor cement , l/4 in. Spiral
Gatjge length, 100 in.
Concrete, 1-2-4.
Total Extensometer Readings.
Inches
.
Lat. Expansion.
Readings. Ins.
l"bs. 1 N.W. 1 S.W. 2 S.E, 2 iN.Ji. Ji.W. IN • O .
6500 .0000 .0000 .0000 . 0000
21500 .0040 .0037 .0026 . 0037 o ^7 Q
41500 .0104 .0092 . 0061 , 0074 .27/4 • <sooo
63000 - .0176 .0164 .0117 .0128 ,2760 om Q• <^oJ.^
81000 .0242 .0234 .0149 . Ul / J. . <i / 1 9800
100000 .0326 .0325 f\-\ Qn 9789
120000 .0431 .0441 r\ r\ n. a . UiSO f 27RO
141000 .0506 .0555 .0271 .0291 • 2712 .2753
160000 .0617 .0689 .0328 .0324 .2697 .2730
180000 .0712 .0857 .0379 .0358 • 2673 .2710
200000 .0860 .1083 .0447 .0381 .2645 .2685
220000 .1068 .1326 .0503 .0381 .2 604 .2646
240000 .1412 .1741 .0553 .0254 .2527 .2601
260000 Bxtensometers removed.
280000
291000 Maximum load.

138.
COLUJtN 8472,
COMPUTED DATA.
Unit Unit Unit Lateral
Loads. Longitudinal Deformations,
lbs. per Deformations. Inches.
sq. in. Inches
.
E.W. N.S.
60 .000000 .0000000 .0000000
190 .000035 .0000000 ,0000000
370 .000083 .0000033 .0000090
560 .000146 .0000147 .0000245
720 .000200 .0000245 .0000400
890 .000265 .0000318 .0000490
1060 .000341 ,0000416 .0000563
1240 .000406 .0000539 .0000785
1410 .000490 .0000661 .0000971
1590 .000577 .0000857 .0001135
1770 .000654 .0001085 .0001340
1940 .000786 .0001420 .0001660
2120 .000783 .0002050 .0002021
2300
2480
25 60

•139.
COLUMN 8473.
OBSB^RVED DATA.
Length, 19 ft. 8 in.
Circumference, 3 ft.
Age, 60 davs.
4 in.
Reinforcement,
Gauge length.
Concrete, 1-2-
1/4 in.
100 in.
4.
Spiral
Total
Loads
.
lbs.
Extensometer Readings.
Inches.
1 S.E. 2 N.W. 1 S.W. 2 N.E.
Lat. Expansion.
Readings. Ins.
E.W, N.S.
6500 .0000 .0000 .0000 . 0000 .2593 .2556
22000 . 0050 .0012 .0000 .0072 .2587 .2554
41500 .0120 .0024 .0020 .0148 .2581 .2550
61000 .0214 .0052 .0052 .0218 .2574 .2542
83000 .0302 .0094 .0108 .0295 .2561 .2539
101000 .0390 .0140 .0172 .0368 .2550 .2534
121000 .0480 .0200 .0262 .0432 .2540 .2 532
140000 .0564 .0275 .0378 .0482 - ,2523 .2528
160000 .0604 .0356 . 0500 .0530 ,2505 .2523
180000 .0682 .0454 .0648 .0572 .2463 .2513
200000 .0788 .0584 .0862 .0608 ,2440 .2497
220000 .0918 .0738 .1124 .0630 ,2379 .2459
240000 .1062 .0934 .1490 .0610 .2300 .2389
260000 .1286 .1226 .2100 .0530 .2159 .2258
280000 .1672 .1568 .2995 .0384 .1924 .2005
290000 .2010 .1842 .3740 .0220 .1720 .1865
300000 .2350 .2080 .4540 .0000 .1465 .1655
310000 .2400 .2680 .7000 -.0818
310000 Maximian load.
i

140.
COLUIIN 8473.
COMPUTET) DATA.
Unit
Loads,
lbs. per
sq. in.
Unit
Longitudinal
Deformations.
Inches
.
Unit Lateral
Deformations.
Inches.
s.v/. w.s.
60 .000000 .0000000 .0000000
195 ,000034 .0000049 .0000016
370 .000078 .0000098 .0000049
540 .000134 .0000155 .0000114
740 .000199 .0000261 .0000139
890 .000267 .0000351 .0000189
1070 .000343 .0000433 .0000196
1240 .000425 .0000572 .0000228
1410 .000497 .0000718 .0000269
1590 .000589 .0001061 .0000350
1770 .000710 .0001250 .0000480
1940 .000852 .0001750 .0000790
2120 .001025 .0002395 .0001360
2300 .001286 .0003 545 .0002430
2480 .001655 .0004640 ,0004550
2560 .001953 .0007130 .0005640
2650 .002242 .0009220 .0007350
2740 .002816 .0015360 .0013400

141.
COLTOOT 8481.
OBSERVED DATA.
Length, 10 ft. 2 in. Reinforcement l/4 in.
Spiral, 6-3/4 in. rods.
Circumference, 3 ft. 5 in. Gauge length, 100 in.
Age, 60 d ay s
.
Concrete, 1-2-4.
Total
Loads
.
lbs
.
Jim VJ tJ %
Extensometer Readings
Inches
.
1 N.W. 1 S.W. 2 S.E. 2 K.E.
Lat. Expansion.
Readings, Ins.
E.v/. U.S.
Lat. Def.
Inches
.
N.E. S.E,
11000 .0000 .0000 .0000 .0000 .2613 ,2456 -•38 -,05
26000<J \y \y \y .0051 .0035 .0020 .0025 ,2606 ,2449 r..38 -,05
(f^ fS3000 .0110 .0099 .0068 .0076 .2594 .2433 - ,38 - .05
.0182 .0158 .0121 .0128 .2585 .2429 - ,38 -.05
1 00000i V vy i.y vy .0250 .0234 .0186 .0193 .2575 ,2430 -,38 -.05
,0 125000 .0322 .0301 .0254 .0255 .25 68 ,2400 -.38 -.05
.0400 .0396 .0341 .0332 ,2556 ,2378 -.38 -,05
A, '^17 6000 .0432 .0481 .0420 .0410 .2541 ,2358 -,38 -,05
„o 901 000 .0580 .0579 .0509 .0500 ,2530 ,2337 -.38 -,05
,,,
n 225000 .0683 ,0679 .0600 .0594 ,2510 .2310 -,38 -.05
.0820 .0807 .0710 .0711 ,2498 .2285 -.38 -.05
iv'^ 275000 .0970 .0946 .0823 .0829 ,2465 ,2263 -.38 -.06
r.j 300000
325000
.1135 .1107 .0965 .0990 ,2438 ,2230 -,38 -.07
.1403 .1372 .1205 .1260 .2391 ,2188 -.38 -.07
350000 .1655 .1782 .1634 .1695 .2339 .2129 -,40 -.07
^^^.^.379000 .2650 .2690 .2508 . 2433 ,2190 ,1961 -.44 -.08
^^^v^40000p .3770 .3955 .3651 .3345 ,1840 .2126 -.54 -.10
^AV: 425000 •4995 ,5062 .4910 .4218 .1427 ,1613 -,68 -.12
450000 ,6370 .5021 .6480 .5240 ,0739 ,0190 -,88 -,18

142.
Total
Loads
.
lbs.
GOJJJim 8481.
OBSERVED DATA.
(Cont inued)
.
Ext ensonieter Readings,
Inches.
1 S.W. 2 S.E. 2 K.E.
Initial readings,
.5021 .8515 .5380
.7952 .9870 1.1730
525000 1.2340 1.0000 1.0605 1.1815
529000 Maxlmam load.
1 IT.W.
450000
47 5000 .7950
500000 1.0405
Lat. Expansion. Lat . Def.
Readings, Ins. Inches.
E.W. N.S. N.E. S.E.
.2526 .2113
.1683 .0940 -1.18 -.25
-1.60 -.38

COLTOQT 8481.
COMPUTED DATA.
Unit
Loads.
ITds ./sQ. in.
Unit
Longitudinal
,
Deformation.
Unit Lateral
Deformation.
E.W. N.S.
100 .000000 .0000000 .0000000
^^^^
110 .000036 ; 000005
7
.0000057
470 .000099 .0000155 .0000147
670 .000152 .0000228 .0000220
890 .000218 .0000310 .0000212
1110 .000278 .0000368 .00004 57
1350 .000371 .0000465 .0000637
1560 .000451 .0000587 .0000800
1780 .000545 .0000678 .0000972
1990 .000542 .0000840 .0001190
2210 .000765 .0001010 .0001400
2430 .000897 .0001210 .0001575
2 650 .001050 .0001430 .0001840
2870 .001304 .0001811 .0002190
3100 .001745 .0002240 .0002690
3350 ,002579 .0003450 .0004040
3540 .003716 .0006300 .0002690
O fOU .0009660 .0006875
3980 ,006425 .0015300 .0018500
4200 .008233 .0022190 .0028100
4420 .010138
4400- .011518
4 700

144.
COLWCN 8482.
OBSIilRVSID DATA,
Length, 10 ft. 2 l/4 in. Reinf orceraent , l/4 in. Spiral,
6 3/4 in. Rods.
Circwiference, 3 ft. 5 1/2 in. Gauge length 100 in.
Age, 65 days
.
Concrete, 1 _0_A
Total
Loads
.
lbs.
Extensometer Readings
Inches
.
1 N.W, 1 S.V/. 2 S.E.
•
2 N.E.
Lat. Expansion.
Readings. Ins.
E.W. U.S.
Lat. Pef.
Inches
.
N.E. S.E.
10700 .0000 .0000 .0000 ,0000 .2581 .2569 .14 -.02
24000 .0032 .0026 .0021 .0041 .2580 .2561 .14 -.02
52000 .0107 .0111 .0085 .0119 .2574 .25 50 .14 -.02
75000 .0168 . 0203 . 01 50 .0185 .2571 .2545 .14 -.02
96000 ,0226 .0290 .0215 .0250 .2561 ,2537 .14 -.02
112000 ,0281 .0340 .0271 .0304 .2554 .2526 .14 -.02
71000 .0202 .0238 .0202 .0231 .2560 .2531 .14 -.02
32000 .0107 .0120 .0108 .0126 .2565 .2542 .14 -.02
11000 .0042 .0057 .0053 .0052 .2570 .2545 ,'.14 -.02
112000 .0290 .0339 .028(5 .0313 .2548 .2520 .14 -.02
11000 .0045 .0085 .0056 .0057 .2568 .2539 .14 -.02
114000 .0306 .0349 ,0307 .0323 .2542 ,2517 .14 -.02
11000 .0050 .0090 .0068 .0061 .2565 .2530 .14 -.02
113000 .0311 .03 60 .0313 .0325 .2545 .2512 .14 -.02
11000 .005 7 .0090 .0069 .0065 .2 564 ,2530 .14 -.02
114000 ,0319 .0362 .0320 .0327 .2541 ,2508 .14 -.02
11000 .0057 .0079 .0068 .0064 .2560 .2525 .14 -.02
113000 .0315 .0352 .0317 .0322 .2538 .2 501 .14 -.02
11000 .0055 .0071 .0071 .0061 .2555 .2517 .14 -.02
114000 .0316 .03 53 .0324 .0324 .2534 .2497 .14 -.02

COLmm 8482.
OBSERVED TUTA.
(Continued)
Total Bxtensometer Readings. Lat. Expansion. Lat. Def,
Loads
.
lbs. 1 N.vr.
Inches
.
1 S.W. 2 S.E. 2 N.l.
Readings
.
E.W.
Ins
.
N.S.
Inches
.
IT.E. S.E.
11000 .0059 . 0070 ,0069 ,0063 .2550 .2511 • JL4
115000 .0325 .0363 .03o2 ,0330 .2523 .2490 .14 no
11000 .0060 . 0072 . 0074 .0064 .2548 .250.^.
113000 .0321 .0358 • 0327 ,0328 .2524 .2488 .14
11000 .0063 . 0073 . 0078 .0065 .2545 .2500 • 14
33000 .0122 . 0129 • 0115 .0113 .2539 .2499 . 14 no
54000 .0180 .0188 ,0172 .0176 .2534 .2496 1 A.14 no
77000 .0239 ,0250 . 0235 .0239 .2530 .2491 1 A.14 AO
104000 . 0305 .0323 . 0308 .0309 .2523 .2485 .14 no
127000 .0361 .0405 .0366 .0367 .2510 .2475 .14 no
151000 .0431 .0495 . 0432 .0433 .2491 .2449 • 14 no
175000 .0531 .0564 .0520 .0515 .2464 .2419 1 A.14 no
200000 .0661 .0710 .0639 .0628 ,2425 .2369 • 1<C no
225000 .0800 .0816 . 0773 .0766 ,2371 .2312 • 12 AO
167000 .0720 .0721 .0684 .0679 .2381 .2324 .12 -.02
103000 . 0459 .0556 .0523 « UOlo a t^Ot f .12 -.02
56000 .0401 .0367 .0367 .0371 .2410 .23 59 .12 -.02
11000 .0160 .0130 .0170 .0173 .2439 .2408 .14 -.02
226000 .0870 ,0873 .0845 .0857 .2340 .2278 .12 -.02
11000 .0175 .013 7 .0191 .0205 .2427 .2396 .14 -.02
226000 .0910 ,0900 ,0895 .0918 ,2332 .2269 .12 -.02
11000 .0190 ,0139 .0211 .023? .2422 .2399 .14 -.02

COLmm 8482.
OBSERVED DATA,
(Continued)
Total Extensometer Readings. Lat. Expansion, Lat . Def.
Loads
.
lbs. 1 N.W.
Inches
.
1 S.W. 2 S.E. 2 N.E.
Readings,
E.W.
Ins
.
U.S.
Inches.
N.E. S.E.
227000 .0940 .0920 .0937 .0965 .2321 .2258 . i<o
11000 .0201 .0133 . 0232 .0260 .2420 .2395 no
227000 .0969 .0940 . 0964 .0999 ,2320 .2257 — ,
11000 .0210 .0140 .0242 .0284 .2415 .2393 .14 - . U<s
228000 .0995 .0962 .0996 .1040 ,2313 .2250
11000 .0216 .0130 .0260 .0300 .2418 .2390 .14 no— . Kid
227000 .1003 .0953 .1016 .1066 .2316 .2248 . 1<5 no
11000 .0230 .0136 . 02 7 5 .0320 .2415 .2375 . 14 no
230000 .1034 .0990 ,1047 .1101 .2305 .2238 1 o. 1<:S no
11000 .0238 ,0134 .0288 .0336 .2412 .2384 . 14 no
226000 .1041 .0986 .1048 .1109 .2311 .2238 . 12 - . \Jd,
11000 .0245 .0134 .0300 .0350 .2410 .2379 .14 f\n— , U«s
51000 .0433 .0321 .0452 .0516 .2419 .2384 .14 no
101000 .0661 .0558 .0682 .0745 ,2400 .2359 .14 -.02
153000 . 0831 .0733 .0854 • uyi f , iiO D D . /CO J. J. .14 -.02
210000 ,1001 .0929 .1022 .1089 .2322 .2256 .12 -.02
232000 .1080 .1029 .1088 .1156 .2301 .2230 .12 -.02
152000 .0918 .0812 .0924 .0990 .2322 .2256 .12 -.02
55000 .0545 .0434 .0562 .0630 .2359 .2330 .12 -.02
111000 .0261 .0145 .0312 .03 79 .2406 .2373 .14 -.02
11000 .0635 .0625 .0527 .0855 ,2438 .2367 .14 -.02

147
COLUMN 8482.
OBSERVED DATA.
(Continued)
Total
Loads
.
lbs.
Extensometer Readings.
Inches.
1 N.W. 1 S.W. 2 S.E. 2 N.E.
Lat, Expansion.
Readings. Ins.
E.¥, N.S,
Lat, Def.
In ch e s
.
TT.E. S.E,
55000 .0849 .0851 .0693 .1043 , 2445 , 2370 ,14 — • \Jd
100000 ,.1035 ,1179 .0890 ,1237 . 2425 , 2342 ,14 - • U<d
150000 .1218 .1430 .1065 .1413 . 2381 oo o o, 2288 ,14 - . 02
201000 .1384 .1573 .1202 .1576 , 2338 o o o r\, 22/i9 , 14 — . U<d
222000 .1451 .1615 .1270 .l»j45 . 2316 . 2206 ,14 - . 02
251000 . 1 54 5 ,1672
11000 ,0556
Initial
. 0915
Readings
11000 .0000 .0000 ,0000 . 0000 , 2419 . 2375 , 14 - ,
53000 .0203 .0186 .0170 .0177 , 2428 • 2376 , 14 - . 02
102000 .0420 .0402 ,0390 . 0394 . 2413 ,2348 .14 - . 02
151000 .0601 .0580 .0556 .0564 , 2375 ,2296 .14 -#02
200000 .0757 .0740 .0710 . 0717 .2330 . 2234 ,14 -.02
251000 .0905 .0903 .0816 .0873 . 2263 . 2176 "1 A,14 » /No- . 02
301000 ,1190 ,1210 ,1205 .1233 ,2050 .1930 ,14 -.02
340000 .2575 .2610 .2480 .2438 .0927 ,0321 ,12 -.08
253000 ,2539 .25 52 .2390 .2339 .0940 .0324 ,12 -.08
200000 .2385 .2433 .2255 , 2204 .0950 .0348 .12 -.08
143000 .2219 ,2288 ,2090 .2036 .0975 .0440 ,12 -.08
100000 .2045 .2125 .1915 .1870 .1021 ,0549 .12 -.08
58000 .1835 .1918 ,1712 .1664 ,1130 .0700 .12 -.08
11000 ,1502 .1546 .1378 .1364 ,1319 .0932 .14 -.06

148.
COLmCN 8482.
OBS}ilRVED DV.CA.
(Continued)
Total Extensometer Readings. Lat. Expansion. Lat . I>ef.
Loads
.
lbs. 1 N.W.
Inches.
1 S.W. 2 S.E. 2 N.E.
Readings
s.v/.
Ins.
N.S.
Inches
.
N«E. S.E.
11000 Initial readings. .2555 .2843
339000 ,2985 .2940 .2865 .2868 .1779 .1701 .12 — , Uo
11000 .1840 .1837 • 1705 .1746 .2346 ,2429 .14 - . OB
339000 .3231 .3120 .3120 .3220 • 1530 , .1270 .14 -r . UO
11000 .2230 .1860 .2045 .2184 .2067 ,1910 . 04 - . 06
342000 .3605 .3031 .2492 .3577 .1310 .1060 • 14 — . Ud
11000 .2420 .1870 .1272 , 2425 .1938 ,1830 , 18 - , 06
339000 .3770 .3090 .2630 .3780 .1207 .0945 .16 - . Od
11000 .2570 .1960 .1410 .2615 .1825 ,1680 • lb - .05
338000 .3910 .3080 • 2760 .3950 .1175 ,0880 .18 - . 06
11000 .2700 .1920 .1530 .2775 .1750 .1570 .18 - .06
339000 .4030 .3095 .2880 .4110 .1110 ,0785 .18 - •06
11000 .2820 .1940 ,1650 .2918 .1700 ,1500 .18 - .04
339000 .4140 .3120 .2990 .4241 .1050 .0690 .20 f\ A- .04
11000 .2920 .1980 ,1760 .3052 .1635 .1415 .20 -.04
11000 Initial readings,
107000 .3310 .2310 .2150 .3450 .2145 .2268 .20 -.04
202000 .3700 .2080 ,2545 .3827 .1949 .1975 .20 -.04
305000 .4080 .3050 .2925 .4205 .1710 .1670 .20 -.04
348000 .4270 .3130 .3130 .4425 .1575 .1465 .20 -.04
375000 .4540 .3410 .3430 .4740 ,1280 .1140 .20 -.04
400000 .4990 .4320 .4160 .5480 .0330 .0170 .18 -.08

149.
COLlBm 8482.
OBS]?RVKD DATA.
(Continued)
Total Bxtensometer Readings. Lat. Expansions. Lat . I>ef.
Loads. Inches. Readings. Ins. Inches,
lbs. 1 N.W. 1 S.W. 2 S.E. 2 N.E. E.W. U.S. N.E. S.E.
.2450
.9800 ,06 -.30
.2680
.0190 -.08 -.53
-.28 -.82
400000
430000 .7220
430000
452000 .9130
Initial readings. .2250
.6330 .5540 .7050 .9 630
Initial readings, ,2325
.7580 .6530 .8181 .0220
475000 1.0790 1.2780 .7580 .9370

150.
COLWrn 8482.
COflPUTED DATA.
Unit
T. O a c3 .c; *
Ifes. per
Unit
Deformations.
Unit Lateral
Deformations
•
Inches
.
B.W. N.S.
9)0 000000 .0000000 .0000000
210fc^ JU w . 0000?
6
.0000008 .0000065
460 OOOOQ6 .0000052 .0000155
670 .000159 .0000080 ,0000196
850 - 000??? .0000163 .0000260
1000 000276 .0000220 .0000350
630 000202 .0000171 .0000310
280 000108 .0000131 .0000220
100V/ V/ .0000090 .0000196
1000 noo2R7 .0000270 .0000400
100X vy vy onoom .0000106 .0000244
1000X w V/Vy .0000318 .0000425
100
.0000131 .0000328
1000 OOIT^I 9
. \J\J\JO X .0000293 .0000465
100 .000063 .0000139 .0000318
1000 .000320 .0000327 .0000498
ino .000063 .0000173 .0000360
1000 .000316 .0000350 .0000555
100 .000063 .0000212 .0000425
1000 .000320 .0000384 .0000587
100 .000064 .0000252 .0000474

151
COLUICN 8482.
COI/IPUTTjID DATA..
(Continued)
Unit Unit Unit Lateral
Loads. Longitudinal Deformation.
Itos. per Deformations. Inches.
sq, in. Inches
.
1000 .000329 .0000473 .0000645
100 .000067 .0000270 .00005389 »y vvv/ v/ «-/ vx vy
1000 • 000324 .0000465 . 00006609 V/ *-y *.yV/ ".^y vy vy
100 .000071 .0000294 .00005629 V/ vy vy *y vy f-w
290
. 0003 19 .0000344 .00005709 vy *y vyv^tj i \^
480 .000176 . 0000384 . 0000595
680 .000237 .0000416 .0000636• vy vy vy vy vy
920 .000307 .0000473 .00006859 vy vy v_/ vy vy w ly
1120 .000364 . 0000580 .00007669 ^y *y vy vy f vy vy
1350 .000432 .000073 6 . 00010209 ^y vy vy -4- vy Ay vy
1550 . 000526 . 00009 57 .00012259 Vy vy vy «-y *-v «y
1770 .000650 .0001271 .0001630
1990 .000787 .0001713 .0002200
1480 •000702 .0001630 .0002000
910 .000514 .0001550 .0001800
500 .000384 .0001400 .0001710
100 .000165 .0001160 .0001310
2000 .000858 .0001970 .0002360
100 .000183 .0001260 .0001415
2000 .000903 .0002030 .0002450

C0L11.OJ 8482.
COIfPUTED DATA.
(Continued)
Unit Unit
Loads. Longitudinal
lbs. per Defonnations
.
sq. in. Inches.
100 .000201
2000 .000939
100 .000217
2000 .000967
100 .000226
2100 .000996
100 .000238
2000 .001010
100 . 000253
2200 .001041
X uu • '•JUU<6DO
2000 .001045
100 .000273
450 .000443
890 .000672
1360 .000843
1860 .001012
2050 .001084
1370 .000921
490 .000554
Unit Lateral
Defonnat ion.
Inches
.
N.S.
.0001300 .0001390
.0002120 .0002540
.0001315 .0001420
.0002130 .0002540
.0001355 .0001458
.0002182 .0002600
.0001331 .0001460
.0002162 .0002620
.0001355 .0001585
.0002250 ,0002705
.0001380 .0001515
000? 705
.0001395 .0001550
.0001320 .0001510
.0001480 .0001715
,0001755 .0002105
.0002120 .0002560
.0002300 ,0002760
.0002120 .0002560
,0001815 .0001950

COLIBOT 8482.
COI»'[PUT]?D DATA.
(Continued)
Unit Unit Unit Lateral
Loads. Longitudinal Deformation.
l"bs. per Deformations. Inches.
SQ . in
.
Tnclies
.
IT, S,
100 . 000287 .0001430 .0001600
100 .000287 .0001170 .0001650
490 .000477 . 0001110 . 0001630
890 .000669 .0001275 .0001850
1340 .000848 .0001631 .0002300
1780 . 000999 . 0001980 .0002770
1960 .001067 .0002161 .0002940
22?0
1 00
100 -000290 . 0000000 ,0000000
AAlCi 0004-74 . 0000074 - .0000008
900 .000666 .0000049 .0000220
1350 .000865 .0000359 .0000645
1770 .001046 .0000726 .0001150
2220 .001164 .0001275 .0001622
2660 .001524 .0003005 .0005620
3000 .002815 .0012200 .0016700
2240 .002745 .0012050 .0016700
1770 .002509 .0012000 .0016550
1270 .002448 .0011800 .0015800

COLIBOT 8482.
COirpUTEU DATA.
(Continued)
Unit Unit
Loads. Longitudinal
lbs. per Deformations,
sq. in. Inches.
890 .0002281
510 .0002072
100 .0001737
3000 .0003204
100 .0002072
3000 .0003463
100 .0002370
3020 .0003461
100 .0002261
3000 .0003632
100 .0002429
2990 .0003 715
100 .0002521
3000 .0003818
100 .0002622
3000 .0003912
100 .0002718
950 .0003095
1800 .0003328
2700 .0003855
Unit Lateral
Deforriation.
Inches.
E.W. N.S.
.0011400 .0014900
.0010500 .0013 650
.0009000 .0011800
.0015330 .0021130
.0010700 .0015180
.0017350 .0024650
.0013000 .0019410
.0019150 .0026300
.0014050 .0020100
.0020000 ,0027300
.0014950 .0021300
.0020300 .0027800
.0015560 .0022200
.0020800 .0028600
.0016000 .0022800
.0021300 .0029300
.0016500 .0023500
.0017600 .0024985
.0019200 .0027380
.0021150 .0029860
i'
I,
COLITO 8482.
CQLCPU'TM) DATA.
(Contirmecl)
Unit
Loads,
lbs. per
sq. in.
Unit
Longitudinal
Defomat ions.
Inclies.
Unit Lateral
Deformation
.
Inches
.
l.W. N.S.
3080 .0004029 .0002260 ,0031550
3320 .0004320 .0024660 .0034200
3540 ,0005022 .0032400 .0042100
3800 .0006825 .0053800 .0063700
4000 .0008145 .0071000 .0084000
4200 .0010420

156.
COLTJfm 8483.
OBSERVED DATA.
Length, 10 ft.
Circumference,
Age, 62 days.
3 1/2 in
3 ft. 4 1/2 in.
Reinforcement, 1/4 in.
Gauge lengt?!, 100 in.
Concrete, 1-2-4.
Spiral.
Total
Loads
.
llDS.
Extensometer Readings
Inches.
1 N.W. 1 S.W. 2 S.E. 2 N.E.
Lat. Expansion.
Readings. Ins.
E.W. N.S.
Lat. Def.
Inches
.
H.E. S.E.
6500 .0000 .0000 .0000 .0000 .2518 .2599 .00 .00
25000 .0031 .0034 .0039 .0033 .2511 .2594 . 00 . 00
51500 .0062 .0094 .0105 .0087 . 2504 .2585 .00 .00
L>
75000 .0130 .0162 .01 71 .0132 .2497 .2583 .00 . 00
100000 .0178 .0226 .0247 .0184 .2487 .2580 ,00 .00
(1
'
^ 125000 .0225 .0291 .0326 .0244 .2478 ,2578 .00 .00
150000 ,0282 .0364 . 0415 .0314 .2466 .2570 .00 .00
175000 • 0342 .0439 .0497 .0386 .2455 .2565 .00 . 00
hw 200000 .0409 .0513 .0589 .0464 .2446 .2554 .00 .02
225000 .0473 .0592 .0677 .0532 .2434 .2543 .00 .02
250000 .0551 . .0680 .0773 .0619 .2418 ,2529 -.01 .02
275000 .0634 .0774 .0874 .0709 .2405 ,2512 -.01 .02
300000 .0730 .0881 .0991 .0808 .2388 .2490 -.02 .02
325000 .0824 .0977 .1111 .0922 .2367 .2467 -.02 .03
350000 .0931 .1080 .1246 .1053 .2347 .2441 -.02 .03
,
575000 .1070 .1199 .1417 .1231 .2316 .2411 -.02 .04
400000 .1235 .1372 .1675 .1473 .2286 .2374 -.02 .05
425000 .1468 .1661 .2094 .1849 .2214 .2290 -.03 .09
450000
1
.1781 .2029 .2616 .2314 .2112 .2157 -.04 .13

COLUim 8483.
OBSERVED DATA
(Continued)
•
Total
Loads
.
lbs.
Sxtensometer Readings
Inches
.
1 N.W. 1 S.W. 2 S.E.
•
2 N.E.
Lat, Expansion.
Readings. Ins.
E.W. N.S.
Lat. Def
Inches
.
N.E. S.E
477000 .2253 .2630 .3482 .3050 .1909 .2168 -.07 .19
500000 .2696 .3261 .4438 .3813 .1679 .1956 -.11 .28
525000 .3291 .4286 .6164 .4497 .1336 .1235 -.19 .52
550000 .3824 .5578 .8457 .4548 .0840 .0460 -.24 .65
562000 Maximum load.
6500 .2250 .5000 .3661 .2307 -.18 .54
485000 .6715 .8180 .9795 .9482
14000 .5480 .6470 .7250 .6995

158,
COLUmT 8483.
COJIPUTED DATA.
Unit Unit Unit Lateral
Loads. Longitudinal Deformations.
lbs. per Deformations. Inches.
sq. in. Inches
.
E.W. N. S.
60 . 000000 /N /N /N /N /*\.0000000 r\ /\/*\/N /N/\/N. 0000000
220 . 000034 . 0000057 .0000041
460 .000092 .0000114 ,0000114
670 . 000116 . 0000171 • OOOOlol
890 .000209 /N /N /N ri c *z• 0000253 .000015 5
1110 . 000272 . 0000326 .00001 71
1340 . 000344 /N /N /N /! C. 0000425 . 0000236
1550 • 00041o .0000514 . 0000278
1 7 70 .000494 .0000588 . 0000367
1990 . 000569 .0000686 .0000457
2210 .000656 *V/%/\rt^*l r*i.0000818 .0000572
2430 . 000748 .0000923 /N/*\/N/^rfT /\.0000710
2650 .000853 /N/N/>T <N /• /\. 0001060 /N /N/N/N O r\
^
•0000890
2870 .000959 .0001232 .0001075
3100 .001080 .0001397 .0001295
3320 .001230 .0001650 .0001535
3 540 .001440 .0001893 .0001835
3760 .001768 .0002480 ,0002520
3980 .002185 .0003310 .0003605
4220
. 002853 . .0004975 .0003510
4420 .0035 53 .0006850 .0005^.40
1

159.
COLUMN 8485.
OBS35RVED DATA.
Length, 10 ft.
C irci*inf erenc e
,
2 1/4 in
3 ft. 5
•
1/4 in.
Reinforcement,
1/4 in. S
Gauge length.
6-3/4
piral
.
100 in.
in. rods,
Age, CO days
.
Concrete, 1-2-4.
Total
Loads
.
lbs
.
Extensomet er Readings
Inches
.
1 N.V/. 1 S.W. 2 S.E.
•
2 N.E.
Lat . Expan 3 i on
Readings. Ins.
E.W. N.S.
Lat. Def.
Inches
.
N.E. S.E.
11000 .0000 .0000 ,0000 .0000 ,2017 .1840 .00 .00
26000 .0035 .0032 .0026 .0045 .2012 .1840 .00 .00
51000 .0099 .0083 .0089 .0121 .1987 .1840 .00 .00
78000 .0169 .0130 .0161 .0194 .1955 .1832 .00 .00
106000 .0238 .0236 .0265 .1920 .1813 .02 .00
126000 .0900 Initial reading.
126000 .0279 .0900 .0291 .0317 .1895 .1816 .02 .00
150000 .0350 .0950 .0308 .0387 .1861 .1807 .02 .01
175000 .0430 .1040 .0432 .0461 .1819 .1795 .02 .01
200000 .0512 .1140 .0534 .0549 .1759 .1779 ,02 .01
225000 .0620 .1250 .0653 .0659 .1688 ,1755 .02 .01
250000 .0746 .1372 .0775 .0797 ,1614 .1728 .02 .01
275000 .0880 .1515 .0913 .0949 .1546 .1690 .02 .01
300000 .1052 .1684 .1095 .1145 .1467 .1640 .02 .01
325000 .1390 .2012 .1491 .1571 .1340 .1510 .03 .02
350000 .2155 .2800 .2262 .2427 .0904 .1211 ,05 .04
375000 .5050 .3790 .3310 .3450 .0381 .0762 ,05 .09
400000 .4020 .4910 .4660 .4770 .0070 .0090 .05 .22
400000 Initial readings. .1804 .2829

160.
COLmm 8485.
OBSIEVED DATA.
(Continued )
.
Total
Loads
.
lbs.
Extensometer Readings.
Inches.
1 N.W. 1 S.W. 2 S.E. 2 K.E.
Lat. Expansion.
Readings. Ins.
E.V/. N.S.
Lat, Def.
Inches
.
N.E. S.E.
425000 .5090 , 6280 .6530 .6560 .03 .48
450000 .6180 .7780 .8870 .8610 .0879 .1408 .00 .84
475000 .7020 .9600 1.2080 1.1270 .0038 .0249 -.14 1.38
475000 Initial readings. .2 503 .1940
500000 1.2700 1.1600 1.6690 1.9200 .1220 .0650 -.32 2.06
500000 Maximum load.

IGl.
COLmCT 8485.
COJ^PUTID DATA.
Unit Unit Unit Lateral
Loads. Longitudinal Deforrnatlons.
I"b3. per Deformations. Inches.
sq. in. Inches. E.W. U.S.
100 , 000000 .0000000 .0000000
230 .000031 .0000041 .0000000
450 .000091 .0000245 .0000000
690 .000165 .0000506 .0000065
930 .000237 .0000790 .0000221
1100 .000285 .0000995 .0000197
1340 .000329 .0001270 .0000270
1550 .000431 .0001610 .0000368
1770 .000523 .0002100 .0000499
1990 .000637 .0002680 .0000695
2210 .000761 .0003295 .0000915
2430 .000897 .0003840 .0001225
2650 .001074 .0004490 .0001635
2870 .001441 .0005530 .0002700
3100 .002209 .0009060 .0005150
3320 .003180 .0013300 .0009620
3540 .004340 .0015900 .0014300
3760 .005810
3980 .007525
4200 .009550
4420 .014695

162,
COLmW 8486.
OBSERVED DATA.
Length, 10 ft. 4 In. Reinforcement, l/4 in. Spiral
6-3/4 in. round rods.
CircLunference, 3 ft. 4 5/l6 in. Gauge length, 100 in.
Age, 70 days. Concrete, 1 -2-4.
Total
Loads
Ihs.
Extensometer Readings.
Inches
.
1 N.W. 1 S.W. 2 S.E. 2 N.E.
Lat. Expansion.
Readings. Ins.
E.W. N.S.
Lat. Iief.
Inches
.
N.E. S.E,
7000 .0000 .0000 .0000 .0000 .2549 .2626 .00 .06
25000 .0041 .0026 .0029 .0045 .2514 .2607 .00 .06
50000 .0110 .0082 .0052 .0125 .2 505 .2604 .00 .06
88000 .0215 .0188 .0128 .0230 .2505 .2602 .00 .06
107000 .0270 .0246 .0192 .0295 .2524 .2590 .00 .06
[.V 132000 .0350 .0340 .0293 .0385 .2557 .2566 .00 .06
162000 .0485 .0470 .0435 .0524 .2582 .2518 .00 .06
200000 .0671 .0674 .0638 .0728 .2578 .2453 .00 .06
;
''
2 25000 .0796 .0824 .0806 .0881 .2540 .2387 .00 .06
250000 .0948 .0969 .0980 .1051 .2480 .2346 .00 .06
275000 .1289 .1339 .1404 .1459 .2384 .226 7 ,00 .06
300000 .1992 .2170 .2402 .2430 .2071 .1993 .00 .13
328000 .3155 .3438 .3862 .3804 .1133 .1450 -.05 .27
350000 .4105 .4625 ,5215 .5120 .0095 .0875 -.15 .42
350000 Initial readings, .2370 .2750
375000 .5207 .6099 .7049 .6835 .0840 .1930 -.24 .64
375000 Initial readings. .2865 .1850
400000 .6 550 .7660 .9354 .8102 .0220 .0530 -.28 .92
425000 ,7820 .8080 1.1710 1.0295 -.34 1.48
449000 Maximum load.

IC
COLUJ-m 8486.
GOMPUTKD DATA.
Unit
Loads,
lbs. per
Unit
Longitudinal
Deformations.
Unit Lateral
Deformati ons
,
Inches
.
sq. in. Inches. E.W. TT.S.
60 .000000 .0000000 .0000000
220 .000035 .0000286 .0000155
440 ,000092 .0000358 .0000180
780 .000190 .0000358 .0000196
950 .000251 ,0000204 .0000294
1170 .000342 -.0000065 .0000490
1430 .000478 -,0000269 .0000884
1770 .000678 -,0000236 .0001375
1990 .000827 ,0000073 .0001955
2 210 .000987 .0000663 .0002290
2430 .001373 .0001350 .0002930
2 650 .002248 .0003900 .0005175
2910 .003565 .0011550 .0009600
3100 .004756 .0020000 .0014300
3320 .006297 .0032600 .0021000
3540 .007916 .0065000 .0031750
3760 .009476

VIII. STRESS-DEPORIiATION DIAGRAI.tS.
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«
^OOO
sooo
eooo,
moo
_ o
Co/umn 3311.
flge- 65 day3.
Fteinforcemen-/-. 0.67
Concrete /-/-Z
.
Deformot/on per un/f of /engfh.
U. OF S. S. FORM :

166.

167.
/
I 6000
^sooo
1^
1?
1 —r
:3:r
:dr;
I
/^e/nforcemenf /.eS'fo \
Concrefe /-/-^. '
Or///' formaf/on^
U. OF I. S. 8. rOHM !i

169.
/
170.
U. OF (. S. S. FORM 3

Ooncrefe /-/-Z.
U. OF I. S. 6. FORM 1
I
Co/unnn 33^
Z
\
\
173.
/ood\
Co/umn 336/,
/^e/n/orcemenf. 0,8S^
Concrefe /-'Z-4.
\
Load 3340/h5./3(^jh.
Oeformaf/on per an/-/- of /eng//?. i
U. OF I. S. S. FORM 3

174.
Concrete /''£-4.
Max. Loac/ 36t^^b3/3(^./n
Deforrr7of/'on per un/f of /engt'h T
U. OF I. S. 3. FORM a

U. OF I. S. S, FORM 3
i.
5-76.
Co/unnn357/, it
Fie/nforcemenf
-A
Conerefe /-Z- 4. 1
Max Load 5^Jo /b^y:5<^j'n.
Un/f Deformai-/on.
J L_5. i
U. OF I. S. S. FORM :

177.
CoJunnn 3^7Z. li^
fige 65 day3.
Reinforcement
Concrete /-Z-^
Max. Load 550O/b3/^<^j'n.
<3
J L
U. OF I. 8. 3. FORM 3



179.
u. or t. s. %. FORM n

180.

181.

1 02,
U. OF 1. s. s. rORM

183.
U. OF I. S. S. FORM n

184,

1G5,

186.
30C0
£OCO
JOOO Co/umn e4£J
FLe/nforcemenf / 63
^
Concrete /'^'6.
Mox.Load ITIO Jbs/^q/n.
Un/i- Deformof/'on
I 5 ^
1 .1
u. or I. e. s. roRM :i

187.
U. or I. S. S. FORM 3

188.

189.
n.

90.
--XJ4
ID
xqq:
Column 6^7^
/)ge 62 doy^.
Reinforcement /. 67"^
Concrete /-2-'4-
Un/'f Deformof/on.
J L
U. OF I. 5. S. roRM 3
\
191,

192.
U. Of 1. 9. s. roR-v )

103.
U. OF I. S. S. FORM T

194.
U. OP < S. S. FORM 1

195.
"1
U- OF t. S. S. rORW 3

u> Of (. s. s. roR V
r
197.
U. OF 1. S. S. rORM 3

u- or I. s. s. Fof^>^ ^

199.

200.

\w w

